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Abstract

In order to reveal the heavy metal pollution along the coast of Hsinchu, the coast substrata of
Hsinchu County and Hsinchu City were sampled and examined by the X-ray fluorescence spectrometer
between 2012 and 2015. Fifteen sections and sixty-five stations were established based on geographical
characteristics, including biotic reefs, sand, mud, gravel, and hearthstones along the coast. Analysis of
thirty-two species of heavy metals using principal component analysis and clustering showed six distinct
groups. Elemental values of the first, second, and third groups were significantly higher than the values
recorded from other sites in Taiwan. The concentration of heavy metal species, including copper, zinc,
lead, tin, nickel, iron, manganese, arsenic, molybdenum, cadmium and silver, were extremely high in the
group 1 at the Feng-bi section (Area D). This extremely high value has caused insignificant difference of
heavy metal species among stations and among years, particularly at the station D4 where the bulk bags
of embankment were deposited for temporal shoreline protection. At the station D3, high concentration of
chromium and tungsten was detected due to the deposition of hearthstone. The maximum concentration of
heavy metal species in the fourth group, including barium, palladium, antimony, tellurium and cesium, at
the algae reef (A5 of the Po-Tou section), were significantly higher than those of D3 and D4. The titanium,
rubidium, potassium, of the group 6 were higher in the Ke-ya (Area H), Ta-chuang (Area J) and Mae-shan
(Area K) than those of other sections, probably due to low concentration of these species in the bulk bags
or hearthstone. This study demonstrated that the toxic waste leaked from the broken bulk bags, which
were deposited as the temporal breakwater of litter dumping ground, can be detected by the outlier values
of heavy metal species from the adjacent algal reefs and oyster shells along the Hsinchu coast.

According to estuary and geographical location divide to 15 coastal areas, and then press the
intertidal zone width and habitat type setting sampling stations, a total of 65 stations, sampling in
2012-2015, repeated annual collection, the coast matrix samples including reefs, sand, mud, gravel,
hearthstone, etc., each sample for measuring the concentration of 32 kinds of heavy metals by X-ray
fluorescence spectrometer, a total of 507 sample data into the analysis. Multivariate statistical analysis,
divided into six groups based on ordination of principal component analysis and dendrogram of cluster
analysis were used by the quantitative analysis. The element values of the group 1-3 were extremely
higher than the previous survey of Tainan, Miaoli, Hsinchu City, Taoyuan and north coast of Taiwan. The
group 1 including copper, zinc, lead, tin, nickel, iron, manganese, arsenic, molybdenum, cadmium and
silver, due to the abnormality of Feng-bi (Area D) coast, the difference between the other coastal areas
were compressed, especially the D4 station, the filling leaked out to beach from the bulk bags of
embankment, was no significant difference between the samplings and annual in this stations, in addition
D3 station, collection from the hearthstone embankment, besides the elements of group 1, the group 3,

chromium, tungsten, was also extremely high. Furthermore, the D3 and D4 were huge difference between
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the other sampling stations, indicating that the D3 and D4 samples were presented with extremely high
concentrations, could not be the environmental background value. The group 4 including barium,
palladium, antimony, tellurium and cesium, the value of AS station, algae reef coast, was higher than that
stations of D3 and D4, and the boxplots showed the two peaks of Po-tou (Area A) and Feng-bi coast. The
group 6 including titanium, rubidium, potassium, these values were higher in the Ke-ya (Area H),
Ta-chuang (Area J) and Mae-shan (Area K) coast, since these elements that collected from the bulk bags
or hearthstone was low, and showing the difference of other coastal areas. This study found that the filled
of bulk bags with toxic waste, and then as a temporary embankment, and placed in the waves can be

attacked, leaked out sand or mud bound to cause coastal pollution, through bio-absorption accumulation,

can be measured outlier values in adjacent algae reef and oyster shell.
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Fig. 1. According to estuary and geographical location divide to 15 coastal areas in Hsinchu Coast,
2012-2015.
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Fig. 2. Sampling stations of Po-tou coast and Feng-bi coast in Hsinchu coast, 2014-2015.
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Table 1. Statistics of 32 heavy metal contents in 507 samples in Hsinchu Coast, 2012-2015

Maximum - .Mean (ppm) Std. Deviation Maximum - .Mean (ppm) Std. Deviation
(ppm) Statistic  Std. Error (ppm) __ Statistic _Std. Error

Ag 85.69 2.69 45 10.15 Pd 77.85 2.35 .39 8.67
As 420.98 13.59 1.40 31.42 Rb 115.63 57.56 .97 21.95
Ba 1658.63 355.72 6.68 150.43 S 10028.09 849.71 41.21 927.90
Ca 345547.66 9820.44 1619.52 36466.08 Sb 288.31 20.89 1.53 34.44
Cd 132.92 5.64 75 16.83 Sc 222.16 11.33 1.40 31.54
Co 26591 51.52 2.08 46.92 Se 19.78 .19 .05 1.08
Cr 4055.96 91.19 12.30 276.91 Sn 1097.56  42.66 4.96 111.63
Cs 456.84 61.31 2.09 46.97 Sr 2411.86 137.18 11.99 269.97
Cu 4355.20 87.06 19.92 448.51 Te 941.34  92.64 4.61 103.82
Fe 1016632.56 33485.81 4988.81 112331.28 Th 123.12 11.41 .35 7.83
Hg 309.73 4.36 74 16.65 Ti 4405.39 2618.85 42.23 950.98
K 18806.14  9452.04 153.16 3448.65 U 25.14 1.30 A1 2.54
Mn 93969.13  2071.86 490.35 11041.04 v 163.73 45.55 .97 21.75
Mo 43.63 2.49 22 4.93 W 516.48 19.26 2.07 46.65
Ni 1632.47 40.79 7.74 174.36 Zn 369738.30 4701.11 1713.93 38591.89
Pb 24689.49  343.15 115.22 2594.27 Zr 1815.23 300.84 7.86 177.00
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Table 2. ANOVA of 32 heavy metal contents in 507 samples between each area and year in Hsinchu Coast,

2012-2015

Area Year
Sum of Squares df Mean Square  F Sig. Sum of Squares df  Mean Square F Sig.
Ag 21343.995 14 1524.571  24.359 .000 5206232 3 1735.411 18.600 .000
As 179120.916 14 12794351  19.643 .000 19533.546 3 6511.182  6.822 .000
Ba 3953540.380 14 282395.741 18.532  .000 1767513.120 3 589171.040 30.604 .000
Ca 231212323162.759 14 16515165940.197 18.398 .000 125248546726.766 3 41749515575.589  38.348 .000
cd 62588.902 14 4470.636  27.266 .000 15374.748 3 5124916  20.158 .000
Co 210803.708 14 15057.408 8.203 .000 49796.263 3 16598.754 7.846  .000
Cr 12617073.214 14 901219.515  16.935 .000 1148841.295 3 382947.098  5.116 .002
Cs 517122.256 14 36937.304 30.324 .000 215626.446 3 71875.482  40.135 .000
Cu 30238814.551 14 2159915.325 14.852  .000 1946879.018 3 648959.673 3269 .021
Fe  2705666092320.380 14  193261863737.170 25.844 .000 232104542323.675 3 77368180774.558  6.325 .000
Hg 18939.572 14 1352.827  5.487 .000 2657.718 3 885.906  3.239 .022
K 3715403595.230 14 265385971.088  56.706 .000 1242713167.362 3 414237722.454  43.634 .000
Mn 28177845487.566 14 2012703249.112  29.555 .000 2833222455.144 3 944407485.048 8.072 .000
Mo 5341.542 14 381.539  26.932  .000 831.575 3 277192 12.145 000
Ni 6623083.529 14 473077.395  26.570 .000 574408927 3 191469.642  6.504 .000
Pb 1056752974.098 14 75482355.293  15.812  .000 66558077.143 3 22186025.714 3342 .019
Pd 15182.947 14 1084.496 23306 .000 4687.261 3 1562.420  23.537 .000
Rb 164693.165 14 11763.798  73.203  .000 14716.199 3 4905.400 10.773  .000
S 176033565.136 14 12573826.081  23.827 .000 128779269.408 3 42926423.136  70.358 000
Sbh 262716.020 14 18765.430  27.347 .000 110421.248 3 36807.083 37.791 .000
Sc 250916.196 14 17922.585 34.925 .000 129861.283 3 43287.094 58290 .000
Se 62.569 14 4469 4148 .000 6414 3 2138 1.835 .140
Sn 2220767.299 14 158626.236  19.104 .000 301099.568 3 100366.523 8.407 .000
Sr 15847213.647 14 1131943.832  26.479 .000 6830404.821 3 2276801.607 38.111 .000
Te 2351628.631 14 167973.474  26.640 .000 996575.963 3 332191.988 37.487 .000
Th 5123286 14 365.949  6.955 .000 994.841 3 331.614  5.557 .001
Ti 283459466.013 14 20247104.715  57.202 .000 71193113.045 3 23731037.682  30.891 .000
U 272.160 14 19.440 3203 .000 243540 3 81.180 13.544 .000
\V 58742292 14 4195.878 11430 .000 2175307 3 725102 1.538 204
w 277016.056 14 19786.861 11.811 .000 17570.528 3 5856.843 2.719  .044
7n 216720627988.642 14 15480044856.332 14.186 .000 13869648923.155 3 4623216307.718  3.144 025
3338286.776 14 238449.055  9.375 .000 380960.009 3 126986.670  4.129 .007

Zr
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Table 3. Maximum and average value of 32 heavy metal contents in 507 samples of each year in Hsinchu
Coast, 2012-2015

Maximum (ppm) Mean (ppm)
ERE 2012 2013 2014 2015 2012 2013 2014 2015
FEAE 144 135 84 144 144 135 84 144
Ag 3.49 5.02 76.14 85.69 0.15 0.34 9.03 3.73
As 22.67 16.62 420.98 329.02 8.81 7.37 22.72 18.88
Ba 357.40  393.24 1658.63 849.75 299.01 315.05 460.10 389.67
Ca 8539.64 14826.56 345547.66 82049.56 1579.70  1794.55 44933.92 5102.59
Cd 8.19 8.94 122.35 132.92 1.06 1.32 15.89 8.30
Co 243.03 265.91 199.98 238.72 59.57 60.48 35.02 44.67
Cr 127.61 9222  4055.96 1205.35 64.22 60.70 195.53 85.88
Cs 70.07 72.33 456.84 217.81 42.03 47.89 99.92 70.65
Cu 106.28 89.10  4127.12 4355.20 36.25 29.02 182.70 136.50
Fe 34466.13 32965.72 948596.30 1016632.56 15945.17 14586.09 69873.25 47518.93
Hg 14.19 14.51 103.62 309.73 2.50 2.09 7.16 6.73
K 14079.75 14959.70  15908.99 18806.14 9230.24 8801.05 7081.59 11666.92
Mn 738.71 892.63  83793.78 93969.13 232.46 213.70  6649.75 2982.83
Mo 5.11 6.74 32.97 43.63 1.76 1.80 5.34 2.22
Ni 50.41 53.06 1447.77 1632.47 13.44 12.74 101.92 58.78
Pb 87.71 43.25 22916.89 24689.49 20.66 18.03 846.47 676.83
Pd 5.74 4.49 77.85 49.66 0.23 0.24 8.73 2.72
Rb 112.67 114.46 99.13 115.63 60.68 57.45 45.96 61.30
S 1696.33  1307.43 10028.09 3797.77 516.64  536.49 1938.34 841.39
Sb 23.79 28.34 288.31 194.22 7.92 10.37 48.69 27.52
Sc 14.20 16.49 222.16 74.95 2.86 3.31 47.09 6.45
Se 2.00 1.59 3.83 19.78 0.11 0.07 0.25 0.34
Sn 36.61 39.54 989.36 1097.56 20.42 22.74 81.94 60.66
Sr 113.76 13452  2411.86 1751.35 72.04 72.22 394.59 113.05
Te 103.62 112.25 941.34 442.32 53.41 60.60 175.15 113.79
Th 23.05 22.57 123.12 81.57 10.88 9.83 14.04 11.90
Ti 4027.77 414379  4333.80 4405.39 2812.82 249543 1880.29 2971.42
U 8.11 5.39 25.14 17.18 0.99 0.51 2.54 1.63
A" 105.44 105.47 163.73 122.17 48.44 44.09 42.70 45.71
W 63.32 58.66 516.48 474.87 15.44 15.32 31.87 19.41
7n 271.05 148.17 347569.90 369738.30 84.23 65.57 12474.16 9129.54
Ir 601.19 566.68 1815.23 971.67 317.00  280.21 349.14  275.85
- TRRREREERRAEEEEER KA PRI R B R 7 Lt R

Ik 5 i (2 A b B B F 2 iR e A Fedtfe - B - # 32 FEE S|
> GOERIHERE R T ERAARTEE oy Bl B A ERGE T FR 4 > BIEES



46

TREEREE ~ $F ~ G~ B > BT B 8K 8% B
8 BEFILERKRZE D REBARE - 1B
IR 4 SREE - SRERUGIZZ FGERE > K 4
S AR A (ET S PR D3 RS S ER AR
DT 28 0 IRH D4 R K2 iz
TEREEUE LG F 2B BRIk T 2
B o JREERARBE LR 2B -

A% 4 v HBR Ll =R TR
B B~ B 8 ok~ 8H 80 B 1l
it~ b~ 81~ S5 CHRBAE D3 B D4 IRE R
FRIME - SEEETURAES LT 2R ~ e
VT~ BRE AL R ER T - K2R
orAn > SRR R - (HARERE A BOK
Ze AR SRR - H B P A ERAR
UREME - (EAES ~ 8K~ BT~ MIEAMEAE J KA
BulgiF it 4) -

TR E E B R

i 32 TE SR Bl R
EMET 2N S d1 > B BaRREEa - K
Ze, ~ SRS IS < R AR 4
RGP - ZRUETE RS > C RYEHE
FERZ > 85 ~ 80~ §1 -~ SirPsaiE s o R
LB A SR ERAR UG - FUB HEE A
3 o

AR AR I EETTRAE A HH
B FR bR R b P B R =) = BEAh > K
Kilke VKRB o b i KB B
e - SRILEEAERARE AL - T
Bt R KRR AR AL - SIE H &
HeBgiig R tm ek ~ 81~ JPaERS - (HEK
EHATESE I KEBGEE - N — 2B DI 88
IHTHELT > LIRSS TSR BR AR G B -

4. {507 BRZ 32 M SR TRAE SR B B K (H(ppm) » 2012-2015 47
Table 4. Maximum value(ppm) of 32 heavy metal contents 507 samples of each area in Hsinchu Coast,

2012-2015

(pm)  ARPH B CRHSL DR EFfIE FEESE GEIR HER I1=# JAE KB LB MK NEK ORE MALTE MAME
BB 33 18 3 24 6 18 18 6 27 69 63 45 126 39 12 6 6
Ag 57.21 3.66 .00 85.69 3.06 6.83 271 2.20 5.69 4.02 5.02 4.38 4.77 3.49 1.14 85.69 38.55
As 56.68 15.28 21.06 420.98 15.54 13.13 13.81 16.53 10.55 22.67 19.70 16.06 15.18 11.49 11.29 420.98 238.49
Ba 1353.32  388.28 272.83 1658.63  416.98  458.89  386.25  372.99  415.09 42038  383.51  430.55 417.50  357.40  334.24 607.36 1658.63
Ca 319654.63  2395.46 119122.02 345547.66 6927.09 15307.66 10794.64 1627.06 1544.73 3056.25 4801.95 14826.56 5166.46 1126.58 3033.31 6655.76  38043.48
Cd 99.27 9.13 .02 132.92 5.88 10.50 3.55 4.62 8.94 8.25 6.40 9.00 8.60 5.57 4.75 132.92 95.41
Co 149.43 97.46 199.98 90.78 91.30 130.54 116.08 150.21 113.30 265.91 243.03 156.01 179.02 93.24 771.79 0 0
Cr 59.22 53.47 201.55 4055.96 187.99 65.31 80.36 93.19 92.22 102.38 103.83 64.99 127.61 82.38 70.12 1081.51 4055.96
Cs 456.84 86.51 .00 217.81 94.54 96.76 80.27 55.80 78.57 7177 63.08 88.92 88.63 61.12 62.97 134.96 217.36
Cu 67.20 39.12 146.83 4355.20 23.18 22.15 73.38 90.70 58.14 106.28 89.10 37.17 42.90 40.79 17.73 4355.2 1254.92
Fe 23369.72 17940.76 150439.62 1016632.56 25623.08 23922.80 23697.11 24625.45 15744.46 34853.69 30090.68 22679.34 21975.24 19103.21 13630.02 7016632.56 514622.5
Hg 51.96 13.20 14.94 309.73 4.23 7.88 8.70 13.15 14.51 15.32 16.55 14.19 12.67 9.09 5.87 309.73 103.62
K 11356.96 11384.93 3466.18 9179.95 10203.76 10255.13 14115.43 15122.51 13293.98 18806.14 16746.40 14109.05 13108.04 11374.77 7534.03 983.91 2244.75
Mn 10894.00 363.34 8631.20 93969.13 428.80 606.00 326.76 287.71 277.26  1041.75 701.56 484.52 290.25 255.44 410.02 93969.13 75551.89
Mo 24.04 3.99 24.40 43.63 1.72 5.42 511 2.81 3.69 4.70 5.23 7.92 6.74 4.85 3.10 43.63 22.64
Ni 69.01 36.08 92.89 1632.47 33.21 48.28 34.20 55.46 43.47 66.98 49.97 50.01 53.06 31.31 30.86 1632.47 1069.82
Pb 51.00 22.10 196.08 24689.49 24.39 21.74 31.75 34.96 28.13 87.71 43.25 23.40 29.06 27.47 15.97 24689.49 8936.78
Pd 77.85 4.78 .00 49.66 2.17 7.14 4.04 .00 3.90 7.59 5.74 3.50 3.56 4.49 239 49.66 34.21
Rb 56.88 53.92 21.23 51.82 56.07 63.01 74.29 84.81 62.45 115.63 103.70 69.39 75.76 71.58 41.86 19.59 16.88
S 10028.09  2081.40 2710.90 3866.45 895.13 958.62  2399.50 1622.61 1228.38 2400.96 2397.81 2011.48 973.93 955.36 524.12 3797.77 2330.59
Sb 288.31 31.93 .00 194.22 34.76 47.08 34.76 20.65 30.07 25.70 26.87 3835 34.64 24.86 28.28 194.22 109.21
Sc 204.25 5.24 136.13 222.16 19.71 8.79 22.63 11.13 4.96 18.53 16.49 16.41 10.62 6.28 7.32 37.51 110.96
Se 3.83 1.14 .00 19.78 .01 1.72 15 .89 .04 1.36 1.59 1.19 1.69 2.00 43 19.78 0
Sn 200.68 46.95 6.35 1097.56 44.59 44.99 40.63 31.61 41.19 40.44 33.66 45.46 43.74 35.75 35.84 1097.56 361.81
Sr 1380.00 66.62 181.20 2411.86 90.56 111.80 100.14 93.03 72.84 99.64 104.17 134.52 90.82 73.37 63.76 25.17 301.28
Te 941.34 138.61 .00 442.32 173.26 174.28 131.97 93.90 129.88 116.98 113.19 148.92 159.20 100.84 112.25 388.84 338.99
Th 31.76 11.51 15.61 123.12 11.52 13.51 16.46 19.97 13.67 23.05 22.81 14.80 17.90 14.33 8.63 123.12 22.03
Ti 253772 3192.61 479.60 3662.78 4333.80 2556.31 3778.62 4082.31 3705.05 440539 423224 3767.37 367554 2967.66 2040.17 80.97 1442.75
U 25.14 6.36 10.74 17.18 4.03 4.94 2.76 5.38 5.15 11.24 9.17 6.41 8.11 5.16 .02 8.28 17.18
\% 78.41 68.26 9.52 163.73 107.46 58.74 59.86 84.82 82.36 122.17 105.47 81.94 87.82 65.35 47.61 0 163.73
ALY 80.79 47.43 115.06 516.48 23.02 47.16 47.93 51.23 32.16 47.10 59.97 51.19 63.32 58.66 43.88 474.87 516.48
Zn 104.00 77.86 2736.26  369738.30 87.63 93.29 102.12 135.11 78.22 271.05 145.82 80.42 187.07 86.09 39.63  369738.31 104701.91
Zr 1815.23 213.56 330.74 971.67 654.48 200.48 601.19 357.87 470.26 452.49 380.53 470.43 525.48 566.68 261.69 0 446.67
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5. HTTR 507 BAR L 32 ML B ICRAE SR B I {E(ppm) » 2012-2015 £
Table 5. Average value(ppm) of 32 heavy metal contents in 507 samples of each area in Hsinchu Coast,

2012-2015

PPM) ApsoE By CEbT DB EfTIL FEE% Gebk HEME I#F  JAE KAWL L@l ML NEUK  ORiE Masdzs Maks
BEA B 33 18 3 24 6 18 18 6 27 69 63 45 126 39 12 6 6
Ag 14.54 1.05 .00 27.28 1.40 2.01 41 59 .78 39 .29 .69 .36 27 19 73.98 20.25
As 15.54 10.34 11.49 97.01 13.40 6.01 7.37 9.82 5.43 11.92 11.84 10.00 7.65 5.78 7.95 234.62 102.61
Ba 559.09 336.09 223.20 642.62 383.05 387.67 311.14 336.91 327.78 325.10 306.06 350.68 325.16 302.69 311.69 526.10 1147.00
Ca 7211517 1249.07 92092.02 57907.64 5512.89 4293.16 3296.30 1471.55 860.88 1676.09 3024.31 4009.62 1439.29 579.32  1525.13 5780.26 30951.87
Cd 24.07 3.80 .01 48.89 5.11 4.74 .89 3.10 2.59 1.88 .69 2.81 1.75 1.55 1.91 122.35 45.02
Co 27.95 26.26 66.66 14.26 38.64 53.75 51.01 81.63 38.84 76.85 82.52 52.94 49.38 24.35 39.14 0.00 0.00
Cr 26.20 34.95 184.75 795.49 56.08 45.14 53.78 68.25 51.14 67.87 70.83 46.33 57.07 57.22 44.28 1015.43 2113.74
Cs 158.27 65.36 .00 128.73 80.38 74.36 48.65 45.60 55.53 44.60 38.51 62.03 49.75 48.38 56.34 120.59 155.08
Cu 22.31 21.25 133.85 1179.68 13.82 15.02 39.26 63.92 33.00 58.64 54.63 19.75 20.60 22.10 11.59 4113.88 576.72
Fe 14456.06 15287.93 111598.26 358815.26 18409.38 18373.10 17676.97 23383.02 10423.39 24569.34 23603.52 15708.65 13376.04 9858.12 11548.59 962574.23 438725.46
Hg 8.04 2.89 4.98 30.96 1.66 2.15 2.11 4.56 2.86 3.48 3.55 245 2.30 1.77 99 82.97 29.48
K 4182.75 9352.60 3135.88 3663.08 8992.27 7885.87 10032.93 14795.03 8955.65 13104.93 12393.78 9616.62 9255.52 8239.98 6339.16 775.41 1303.27
Mn 1890.04 179.38 7823.39  35365.20 315.26 305.51 247.30 249.04 142.66 462.17 376.58 229.10 177.88 118.22 205.04  86493.69 52478.49
Mo 5.82 77 20.03 14.64 29 1.53 213 1.41 1.01 1.35 1.87 1.10 1.59 1.79 1.10 36.04 16.92
Ni 13.37 16.88 51.91 553.04 15.24 18.48 19.38 28.35 12.76 19.30 20.98 14.56 10.62 11.47 10.54 1398.21 781.64
Pb 21.04 16.00 158.90 6819.57 18.85 16.00 23.04 29.59 14.95 31.08 28.26 16.30 17.09 13.02 11.00  23390.29 3849.94
Pd 17.63 .68 .00 17.81 75 1.44 35 .00 .61 44 22 39 .23 .51 36 28.06 24.08
Rb 31.66 48.06 16.22 22.41 49.33 54.55 58.94 81.54 46.52 84.34 82.47 53.95 54.41 47.05 39.05 10.49 7.83
S 2577.31 1153.84 2340.85 1884.08 545.48 675.78 913.97 915.84 611.54 671.03  1091.59 646.33 403.74 523.06 285.13 2757.05 1468.89
Sb 83.95 22.71 .00 83.03 28.24 24.41 1131 10.97 16.37 9.76 6.97 17.61 12.38 11.54 15.48 143.67 78.70
Sc 79.71 1.68 87.56 56.72 6.38 4.32 5.75 4.16 1.30 4.69 5.24 3.96 225 1.02 1.86 18.43 81.45
Se 31 .06 .00 1.72 .00 .16 01 29 .00 A3 .14 07 .06 20 .04 6.30 0.00
Sn 73.24 31.93 3.08 334.10 41.00 34.61 24.77 26.54 26.76 24.75 19.77 29.48 22.86 23.65 27.36 1022.16 203.63
Sr 677.30 57.34 148.88 565.54 81.37 82.92 78.22 87.04 59.33 80.82 87.05 79.94 71.84 57.73 55.98 16.67 239.22
Te 301.45 105.15 .00 236.46 132.18 116.66 61.46 66.33 82.29 56.06 45.63 90.08 67.25 64.93 86.12 260.55 264.76
Th 12.79 7.85 10.84 20.26 9.16 9.03 9.91 14.94 8.70 14.38 14.55 9.67 10.06 7.85 5.52 51.87 10.97
Ti 1048.27 2254.57 392.73 1095.42 230533 2064.19 2838.28 3855.22 2397.78 3474.23 3423.53 2519.32 2829.19 2297.48 1692.81 13.50 981.03
U 2.19 1.61 4.58 3.35 1.18 94 43 245 1.40 1.38 1.76 .68 94 .60 .00 2.95 6.84
AV 26.91 35.40 3.63 35.64 41.99 38.22 40.30 63.37 38.84 61.44 59.33 43.82 45.61 38.94 32.94 0.00 73.08
W 13.05 9.09 86.47 120.88 8.95 13.57 14.29 17.48 11.19 12.92 14.73 15.08 14.39 13.97 15.85 127.76 330.95
Zn 63.26 60.45 227492 97448.00 83.10 60.63 78.83 128.80 53.53 121.07 113.05 58.62 73.28 43.94 35.32 352773.64 36874.56
Zr 537.51 161.52 277.19 257.72 249.45 158.99 314.27 325.06 313.30 255.82 276.28 266.83 333.66 345.90 153.54 0.00 202.07
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6. FrTigR: 495 BARZ 32 Ml BB USRAE 19T By L AL AERE - 2012-2015 4

Table 6.

BT RS

Similarity matrix of of 32 heavy metal contents in 495 samples in Hsinchu Coast, 2012-2015

Ba Ca Cd Co Cr Cs Cu Fe g K Mn Mo Ni Pb Pd Rb S Sb Sc Se Sn Sr Te Th w
609**  222%%  973%*  _|79%* 39I**  679%* T9I** 772** [ S30%* -4R1** TSR*F R00**  T31** B00**  B10** -301%*F  400%*  B46**  273%F  548%* 331%* T14%% 489%* 368** 795**  0.038
258%%  0.043 - 108%  417*%  230%F R35%¥F  R27*F  456%F -273%*F 769%* 696%* T75**F  B46**F 402%*F -217F* 250%*F 420%*F .106% S13%* 12 0.06 249%F  478%* 262%%  R23F* - ]29%%
1 268%* 350%%  206%* -383**F 467 454%*  418** |78**  R19** _369%* 260** .814** 362** .108* 340%* 417 B45%*  ]38%* _405%* 324%*  _]00* 494%*  ]60** ]42%*
268%% 1 0014 0024 -371**  0.066 162**  0.014  -0.001 289** -386** .763** .358** 861** 0074 0.083 860**  385** .0.029 -447** -0.02 -246** 0.056 -0.005 .222%*
619%%  222%% TRTEE S12%% - 4T8** 770%* [ T89**  746%*  811**  802** -413%*  402%*  838**  280%* S01**  8O1**  326%* T0O8**  4A8T** -529%* 25T7** . 376%* 3R5** 799%* 0.01
S AT78%F 153 207 1 1T S235%% 113% - 133%% - 101% 355%% - 166%*  -103% - 164%* - 135%F - 165%*F  S26%* - 132%* -223%F - 169%* -0.067 -.171%% -146%% -221*% 102* 367** -.103* .170** -0.071 -.131%** -089*
582%*  0.027 A24%*  676%*F  330%F -205%% 792%F  544%F  764%F  420%F  300%F -262%F  104% 249%%  DIR** 216%*  447%*  -0.021 .168%* TT3%* 403%* - 136%*
BTI**  411%* 146%%  200%%  234%% -474%%  270%%  379%%  221*F |66*F BO0*F -465%F 38RFF  942%%  425%F  |26%F  347FF  609%* 93 200%* ]57%* 257
165%*%  -0.007 1 946%* 541%* -280** 876%* 775%* | 8RR** 995%* 353%* _220%* D40%*  400** 0.049 619%*  975%* _0.048 .186** 335%%  Q98** . |89**
350**  0.014 1 S567*% -327%*  979%*  R20%*  QRI**  Q42%*  404%* 27T 239%¢  4]6%* ]28** 580** 936%* -0.036 .222%* 533%%  935%% . 202%*
296**  0.024 567 1 = 215%% 564%*  522%*  STI* S25%E 31S%E L [S8%F 139%*  324%¢ [31%* 650%*  554%* (056 .248** 351%* -227** (.009 -.100* 0.026 532%% 0066
-.383%% . 371%* =327%% L2154 1 =300%% - 479%% . 343%% L 305%K . 472%%  RET** -205%F - 407** - 451%% - 185*F -371%F L397*% _469** 0.068 907** -0.025 501** -287*% .297** . 139%*
A67F* 0.066 979%%  564%F -390%* 1 B30%*  990**  BTI**  447*% _346%* 25R**  453%*  D04%*  545%*  RRTF* 0.02 280%*%  478%*F - 374%* |83**F  _(88* 612%* B6STF -.174%F
o e e o St e T e e e e o e
e s s e e e e S e e e e G e e e
178%*  -0.001 942%%  525%% _305%* 8T71** 774%*  §RO** 1 373%% L262%*  244%¢  419**  0.051 621%* 978  -0.04 351%%  996%* - 186**
B19** 289 A04**  315%% - 472%%  447%*  SR1** 400%*  373%+ 1 -362%%  377** Q31** 351%* 291%*  5]9%*  5]]** 335%*  358%*% | 185%*
-.369** -386%* 27T SIS8%E RETHF - 346%% - 3T0% -302%% - 262%% - 362%% 1 S275%% L 461%% -427%% - 135%% L 332%% _353%% _453%%  162%*  842%*  -0.022 -.259%% . 255%% - 170%*
260%* 763%* 239%%  139%% _205%%  258%*  33|*F  2]9** -275%% 1 A17*F% 727%% 228%% 620%*  384%* | 140%* -304%* (.057 122%*%  239%* 101*
B14%%  358%* AL6%F 324%% - 497%F  453%%  570%F  406** -A61FF 417 1 380**  276%* S41%*  956%*  246%* -569%* 280** 267%*  411%*  183%*
e e e T G S e S e e S e S e S 2o e e
108* 0.074 S80** 659%* - I85%* 545%* 528%*  562%* -135%% 208%x 276%* ] 18** 1 0.053 164%*  164** -209** -0.01 0.063 630%*  -0.044
340**  0.083 936%* 554%* -371%*  8RT**  RI10** 8R6** =.332%% 311%% 0 STE%* 132%% 6334 1 0.076  383%*  536%* -.404** 151** 373%%  978** - 128%*
ALT** B60** -0.036  0.056 -397**  0.02 187**  -0.031 =353%%620%%  541%*  804**  0.053 1 591** 0016 -467**  0.03 0.005  -0.044 340%*
e o e D e o S e b a7 oo o e o
138%* 529%% 351**  0.068 ATR** 422%%  4R5** 162%%  140%*  246%*  0.044 164%* 0.016 115%% 1 0.06 0.068 154%*  553**  0.016
-405%* -.325%%F L227%F Q0T*F - 3T74%F - 474%F L 326%F - 325%F - 505%F  B42*FF - 304%F - 569%F - 488FF -200%F - 404%F - 467 1 -0.026 -.225%% -319%** -0.004
v 324 17240009 -0.025 .183%% 172%% 175%% 117%% 278%* -0.022 0057 280** 0034 -0.01 _ISI** 003 268** 0068 0026 1 301+ 107 0.038
v -.100% S 025%% - 100%  S01**  -088% -248%*%  -0.068 -251%% - 312%F  542%% L 240%* - 308%* - 166%* -.150** -287** -261** -373** (.07 608**  118** 1 097%  -246%* -0.023
W 368%% 262%% 404%% S533%%  0.026  -287**  612%%  45T** SSTH* 351%% 335%% _250%% 122%%  267**  206**  0.063 373**  0.005 196%%  [154%% - 225%%  301** 097% 1 321**  -0.08
Zn 795%*  B23**  160** J935%%  532%% _207%F  R65FF  T6R*F  RTTHF 996*F  3SR*F - 255%F  239%*  411**  0.043 .630%* 978** -0.044 _.198%* 553%F -319%* |07* -246%F 321%* 1 -.186%*
Zr 0038 142%%  222%% S 036%F  257FF - 189**F - 202%* -0.066 -.139%*F - 174** -0.04]1 -.194** - 186%* .185%* -170** .101* 183*%%  338%*  -0.044 - 128%* 340%* 242** 0016 -0.004 0.038 -0.023 -0.08 -.186** 1
Correlation is significant at the 0.01 level (2-tailed).
*, Correlation nificant at the 0.05 level (2-t
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Table 7. F value and significance of the mean difference between sampling stations of the each area by

ANOVA in Hsinchu Coast, 2012-2015

BEE ASER By @ D& ;5.3 G I=# JRE K#El LEAL ML NEEK O

F Sig F Sig F Sig. F Sig. F Sig F Sig. F Sig. F Sig. F Sig. F Sig F Sig F Sig.

Ag 4140 005 827 531 70584 000 4350 017 1636 219 495 616 1307 267 1178 331 L1129 365 725 577 970 461 073 792
As 2002 102 3904 027 8651 001 630 680 5244 036 1268 300 8377 000 3367 .007 1915 .103 2439 051 2337 055 790 395
Ba 409 005 1174 367 19594 000 14915  .000 070 795 273763 1063 394 2515 032 1432 228 824 513 3042 018 601 456
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Fig. 11a. Boxplot of heavy metal Zn, Pb, Cu contents with 507 samplings in group 1, shows 15 areas and

stations of Hsinchu Coast, 2012-2015.
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Fig. 11b. Boxplot of heavy metal Ni, Fe, Mn contents with 507 samplings in group 1, shows 15 areas and

stations of Hsinchu Coast, 2012-2015.
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3¢ 8. EHEMITFRAE D3 ~ D4 FRERULL 2014 K 2015 47 [ S {E(ppm)
Table 8. Average value (ppm) of heavy metal elements at D3 and D4 sampling stations between 2014 and 2015

(ppm)

station D34 5 ¥%) Da(RZEaLIFEZ L)
year 2014 2015 2014 2015
Ag 11.78 28.71 64.80 83.15
As 14.00 191.21 270.92 198.31
Ba 1463.89 830.10 459.12 593.09
Ca 29755.65 32148.09 6427.51 5133.02
Cd 20.61 69.43 117.66 127.03
Co 0.00 0.00 0.00 0.00
Cr 3156.00 1071.48 1038.85 992.00
Cs 168.93 141.23 109.39 131.79
Cu 145.24 1008.20 4055.85 4171.92
Fe 466329.96 41112097 929962.86 995185.60
Hg 46.76 12.20 14.46 151.48
K 559.82 2046.72 905.13 645.69
Mn 68526.41 36430.58 82592.22 90395.16
Mo 18.89 14.94 32.05 40.03
Ni 1029.92 533.37 1358.93 1437.48
Pb 149.41 7550.46 22823.36 23957.22
Pd 2047 27.70 17.69 3842
Rb 2.83 12.83 8.78 12.20
S 924.68 2013.11 2505.57 3008.54
Sb 66.05 91.34 126.63 160.70
Sc 103.85 59.05 9.08 27.77
Se 0.00 0.00 0.72 11.88
Sn 120.69 286.58 965.57 1078.76
Sr 213.23 265.21 21.52 11.82
Te 255.93 273.58 186.44 334.66
Th 13.93 8.00 76.55 27.19
Ti 1161.30 800.76 26.99 0.00
U 5.59 8.09 3.13 2.76
\% 138.14 8.01 0.00 0.00
w 385.65 276.25 97.23 158.29
Zn 1070.64 72678.48 343935.18 361612.10
Zr 166.99 237.15 0.00 0.00
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Fig. 12. Boxplot of heavy metal Hg, Se contents with 507 samplings in group 2, shows 15 areas and

stations of Hsinchu Coast, 2012-2015.
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Fig. 13. Boxplot of heavy metal W, Cr contents with 507 samplings in group 3, shows 15 areas and
stations of Hsinchu Coast, 2012-2015.
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Fig. 14a. Boxplot of heavy metal Ba, Pd, Sb contents with 507 samplings in group 4, shows 15 areas and

stations of Hsinchu Coast, 2012-2015.
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