BEEY)L I ITFE(TW 1. of Biodivers.) 20 (1): 35-72, 2018 35
FrERINEEEB T LI

Heavy metal pollution in coast matrix of Hsinchu
80

Ching-Yu Liou”
FTHERECHAEMFREFT R 55244 B R RMARE RK 13

Endemic Species Research Institute, Jiji, Nantou, Taiwan

T AWM ley(@tesri.gov.tw

" Corresponding author: ley@tesri.gov.tw

H %

R R BB RIE - ARUTTES R TR BT T iy R R BB T IR - JetamT i
1 e BT B0 Ty 15 Beig SR > PRI R (A o BT e U b B B PRAR G~ 3k 65 0 SRR T 1
2 2012-2015 4FHETT A0 F SR ER - BUG QIR EVERA WAV ~ vJe ~ B0~ IO - &5
AL X-BHREDOGREEGET 32 MBS RIREHNE - It 507 MEEAEREEA T - DUEEBHEH
BRUL 2 2252 ARBE IR0 AT L S0 AT P 1B BB E IS o TR IR B RS R S R /N > 28—~ 2 =
FERTREEEREE SR el 22 F ~ msE ~ T - B B LR FRAYEDRY « 2R —RELERE
BE B S B B S B B R SRAVEUEINIRUR: B (Area D) (R o BERE ML
B AR L - Rl IR H B R K2R R T D4 SRAERE - SRERIE A bR BE Y 22
B - 5351 D3 REIE TR G52 - BREE — RSN - BB =S - (BLRVBHERE S - 5
VURECERE ~ 8~ 85 - B 0 0 7RISR AS BRI IRERVEIVIR SR EEASER D3 ~ D4 » 2K
RESA ~ 91 ~ STERAE ~ QIR IEB IR - IRIE2E TR AE AR S B R - T 22 A
Vg R BB EY - AWTFEREHE IR 22 SR S A R Y - LUK A MO i i R B R
HIREIRFRE R 52 - SR BGR FT BB » SNER 2D+ BM NGRS » BB VIR SRS - #GT
PEMELE b TR W MR rT A R -



36 FnBREE ERBELN

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 arcas, 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 arcas
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 A5 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  ——— MO gy e Masimum ——— 0PI gy peaiion
(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 21.85
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 Se 222.16 11.33 1.40 31.54
Co 265.91 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 309.73 436 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 g1 2.54
Mn 93969.13 2071.86 490.35 11041.04 v 163.73 45.55 97 21.75
Mo 43.63 2.49 22 493 W 516.48 19.26 2.07 46.65
Ni 1632.47 40,79 7.74 17436 Zn 36973830 4701.11 1713.93 38591 .89
Pb 24689.49 343.15 115.22 259427 r 1815.23  300.84 7.86 177.00
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2. FINRE 507 KA 32 TEBIEIUHRIE 15 Bl AR R BT - 2012-2015 44
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 1524571 24359 000 5206232 3 1735411 18.600 .000
As 179120916 14 12794351 19.643 000 19533.546 3 6511.182  6.822 .000
Ba 3953540380 14 282395.741 18532 000 1767513120 3 589171.040 30.604 .000
Ca 231212323162.759 14 16515165940.197 18.398 .000 125248546726.766 3 41749515575.589 38348 000
cd 62588.902 14 4470.636 27.266 000 15374748 3 5124.916 20.158 .000
Co 210803.708 14 15057.408 8203 000 49796263 3 16598.754  7.846 000
Cr 12617073.214 14 901219.515 16935 .000 1148841295 3 382947.098 5116 .002
Cs 517122256 14 36937.304 30.324 000 215626.446 3 71875482 40.135 000
Cu 30238814.551 14 2159915325 14.852 000 1946879.018 3 648959.673  3.269 .021
Fe  2705666092320.380 14  193261863737.170 25.844 000 232104542323.675 3 77368180774.558  6.325 .000
Hg 18939.572 14 1352827 5487 000 2657718 3 885.906 3239 022
K 3715403595.230 14 265385971.088 56706 000 1242713167362 3 414237722454 43.634 000
Mn 28177845487.566 14 2012703249.112  29.555 000 2833222455.144 3 944407485.048 8072 000
Mo 5341542 14 381,539 26932 000 831575 3 277.192  12.145 000
Ni 6623083.529 14 473077395 26570 000 574408.927 3 191469.642 6504 .000
Pb 1056752974.098 14 75482355.293 15812 .000 66558077.143 3 22186025.714 3342 019
Pd 15182.947 14 1084.496 23306 000 4687.261 3 1562.420 23537 .000
Rb 164693.165 14 11763.798 73203 000 14716.199 3 4905.400 10773 .000
N 176033565.136 14 12573826.081 23.827 .000 128779269.408 3 42926423.136 70358 000
Sh 262716.020 14 18765.430 27347 000 110421.248 3 36807.083 37.791 000
Sc 250916.196 14 17922.585 34925 000 129861283 3 43287.094 58290 .000
Se 62569 14 4469 4148 000 6414 3 2138 1.835 .140
Sn 2220767.299 14 158626236 19.104 000 301099.568 3 100366.523  8.407 .000
Sr 15847213.647 14 1131943.832 26479 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 5123.286 14 365.949 6955 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 272160 14 19.440 3203 000 243.540 3 81.180 13.544 .000
\Y 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 2719 044
7n 216720627988.642 14  15480044856332 14.186 .000 13869648923.155 3 4623216307.718  3.144 025
7r 3338286.776 14 238449.055  9.375 000 380960.009 3 126986.670  4.129 .007
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3. FNRE 507 B 32 MESEURESEE JIRE CPEE » 2012-2015 4
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)

FE 2012 2013 2014 2015 2012 2013 2014 2015

B AR 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 2272 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 157970 1794.55 4493392 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 92.22 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 4751893
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 21370  6649.75 2982.83
Mo 5.11 6.74 32.97 43.63 1.76 1.80 5.34 222
Ni 50.41 53.06 1447.77 1632.47 13.44 12.74 101.92 58.78
Pb 87.71 4325 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 8.73 272
Rb 112.67 114.46 99.13 115.63 60.68 57.45 4596 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
Se 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 113.76 134.52 2411.86 1751.35 72.04 72.22 394.59 113.05
Te 103.62 112.25 941.34 44232 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  4143.79 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

Vv 105.44 105.47 163.73 122.17 48.44 44.09 42.70 4571

W 63.32 58.66 516.48 474 87 15.44 1532 31.87 19.41
/n 271.05 148.17 34756990 369738.30 84.23 65.57 12474.16 9129.54
v 601.19 566.68 1815.23 971.67 317.00 280.21 349.14 275.85
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A FTIgR 507 B 32 TE ST AE SR B i A E(ppm) » 2012-2015 £
Table 4. Maximum value(ppm) of 32 heavy metal contents 507 samples of each area in Hsinchu Coast,
2012-2015

(Pm)  ARYFH B¥® CRAL DN Erfit FES GE HEM I1=# JAKF Ksell LUl MAIL NSK ORE MALXSN SAME
18 24 [ 18 18 [ 69

BRE 33 3 27 63 45 126 39 12 6 6
Ag 5§7.21 3.66 .00 Fo 3.06 6.83 2.71 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: NS 15.54 13.13 13.81 16.53 10.55 22.67 19.70 16.06 1518 11.49 11.29 426,98 238.49
Ba 1353.32 388.28 272.83 THERaS 416.98 458.89 386.25 372.99 415.09 420.38 383.51 430.55 417.50 357.40 334.24 607.36 i658.63
Ca 319654.63  2395.46 119122.02  348S4766  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
Ccd 99.27 9.13 02! SR 08 5.88 10.50 3.55 4.62 8.94 8.25 6.40 9.00 8.60 5.57 4.75 i3ran 95.41
Co 149.43 97.46 199.98 90.78 91.30 130.54 116.08 150.21 113.30: SARGL 243.03 156.01 179.02 93.24 77.79 a o
Cr 59.22 53.47 201.55 SRR GG 187.99 65.31 80.36 93.19 92.22 102.38 103.83 64.99 127.61 82.38 70.12 1081.51 4655.96
Cs Ane 86.51 .00 217.81 94.54 96.76 80.27 55.80 78.57 7777 63.08 88.92 88.63 61.12 62.97 134.96 217.36
Cu 67.20 39.12 146.83: AR 23.18 22.15 73.38 90.70 58.14 106.28 89.10 37.17 42.90 40.79 17.73 43552 1254.92
Fe 23369.72 17940.76 150439.62: juiacsoity: 25623.08 23922.80 23697.11 2462545 15744.46 34853.69 30090.68 22679.34 2197524 19103.21 13630.02 7676637 56 5146225
Hg 51.96 13.20 14.94. o 4.23 7.88 8.70 13.15 14.51 1532 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 1411543 15122.51 13293.98::1§%06,14 16746.40 14109.05 13108.04 11374.77 7534.03 983.91 2244.75
Mn 10894.00 363.34 8631.20 AT 428.80 606.00 326.76 287.71 277.26 1041.75 701.56 484.52 290.25 255.44 410.02 BI068 13 75551.89
Mo 24.04 3.99 24.40; 08 1.72 5.42 511 2.81 3.69 4.70 5.23 7.92 6.74 4.85 3.10 4363 22.64
Ni 69.01 36.08 92.89: AT 33.21 48.28 34.20 55.46 43.47 66.98 49.97 50.01 53.06 31.31 30.86 163247 1069.82
Pb 51.00 22.10 196.08: LHeEIE 24.39 21.74 31.75 34.96 28.13 87.71 43.25 23.40 29.06 27.47 15.97 14689.49 8936.78
Pd SR 4.78 .00 49.66 217 7.14 4.04 .00 3.90 7.59 5.74 3.50 3.56 4.49 2.39 49.66 34.21
Rb 56.88 53.92 21.23 51.82 56.07 63.01 74.29 84.81 62.45: FE DR L7 103.70 69.39 75.76 71.58 41.86 19.59 16.88
S fHuERen 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
Sh ARSI 31.93 .00 194.22 34.76 47.08 34.76 20.65 30.07 25.70 26.87 38.35 34.64 24.86 28.28 194.22 109.21
Sc 204.25 5.24 136.13: LI O 19.71 8.79 22.63 1113 4.96 18.53 16.49 16.41 10.62 6.28 7.32 37.51 110.96
Se 3.83 1.14 .00 R R 01 1.72 15 .89 .04 1.36 1.59 1.19 1.69 2.00 43 978 o
Sn 200.68 46.95 6.35 TUR ARG 44.59 44.99 40.63 31.61 41.19 40.44 33.66 45.46 43.74 35.75 35.84 F097 56 361.81
Sr 1380.00 66.62 181.20 2411806 90.56 111.80 100.14 93.03 72.84 99.64 104.17 134.52 90.82 73.37 63.76 2517 301.28
Te S 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 TANE 11.52 13.51 16.46 19.97 13.67 23.05 22.81 14.80 17.90 14.33 8.63 11312 22.03
Ti 2537.72  3192.61 479.60 3662.78 4333.80 2556.31 3778.62 408231 3705.050438E539 423224  3767.37 3675.54 2967.66 2040.17 80.97 1442.75
U 2504 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 .02 828 17.18
v 78.41 68.26 9.52 8l e 107.46 58.74 59.86 84.82 82.36 122.17 105.47 81.94 87.82 65.35 47.61 o F63.73
W 80.79 47.43 115.06 Aied 23.02 47.16 47.93 51.23 32.16 47.10 59.97 51.19 63.32 58.66 43.88 474.87 1648
n 104.00 77.86 2736.26: %600 3%80 87.63 93.29 102.12 135.11 78.22 271.05 145.82 80.42 187.07 86.09 39.63 36973835 104701.91

r msan 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 a 446.67
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Table 5. Average value(ppm) of 32 heavy metal contents in 507 samples of each area in Hsinchu Coast,

2012-2015
©PT) ayros py® CEST DBE ETIL FEIE Geik HEM I=# ThE KEL LI MEBL NEK OFE ASAsA ASES
fe e 33 18 3 24 6 18 18 6 27 69 63 45 126 39 12 6 6
Ag 14.54 1.05 00! e 1.40 2.01 41 .59 78 .39 29 .69 .36 27 19 73,98 20.25
As 15.54 10.34 11.49 B 13.40 6.01 7.37 9.82 5.43 11.92 11.84 10.00 7.65 5.78 7.95 23462 102.61
Ba 559.09 336.09 223.20: H42.87 383.05 387.67 311.14 336.91 327.78 325.10 306.06 350.68 325.16 302.69 311.69 526.10 1147.84
Ca T2115.17  1249.07: ikl 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
Ccd 24.07 3.80 01 A 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 E1 P a0 52.94 49.38 24.35 39.14 0.00 0.00
Cr 26.20 34.95 184.75 RN 56.08 45.14 53.78 68.25 51.14 67.87 70.83 46.33 57.07 57.22 44.28 1015.43 Z21i3.04
Cs R 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 T 13.82 15.02 39.26 63.92 33.00 58.64 54.63 19.75 20.60 22.10 11.59 £113.88 576.72
Fe 14456.06 15287.93 11159826 i6xi7.24 18409.38 18373.10 17676.97 23383.02 10423.39 24569.34 23603.52 15708.65 13376.04 9858.12 11548.59 95°574.73 438725.46
Hg 8.04 2.89 4.98 ot 1.66 2.15 2.11 4.56 2.86 3.48 3.55 245 2.30 1.77 .99 82,67 2048
K 4182.75  9352.60 3135.88 3663.08 899227 7885.87 10032.93::147954% 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: 3RS 315.26 305.51 247.30 249.04 142.66 462.17 376.58 229.10 177.88 118.22 205.04  §6493.69 52478.49
Mo 5.82 77 BARIRS 14.64 29 1.53 2.13 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 SR 15.24 18.48 19.38 28.35 12.76 19.30 20.98 14.56 10.62 11.47 10.54 139821 781.64
Pb 21.04 16.00 158.90 GRivay 18.85 16.00 23.04 29.59 14.95 31.08 28.26 16.30 17.09 13.02 1100 2339029 3849.94
Pd 17.63 .68 00! 08 5 1.44 35 .00 .61 44 22 .39 23 W51 .36 28.06 24.08
Rb 31.66 48.06 16.22 22.41 49.33 54.55 58.94 81.54 46.52 St 82.47 53.95 54.41 47.05 39.05 10.49 7.83
S FERIERY 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 278765 1468.89
Shb AR 22.71 .00 83.03 28.24 24.41 11.31 10.97 16.37 9.76 6.97 17.61 12.38 11.54 15.48 14367 78.70
Sc 79.71 1.68. Bime 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 fid .00 .16 01 .29 .00 W13 14 07 .06 .20 .04 6.36 0.00
Sn 73.24 31.93 3.08 Adaag 41.00 34.61 24.77 26.54 26.76 24.75 19.77 29.48 22.86 23.65 27.36 1922.16 203.63
Sr BTSN 57.34 148.88 565.54 81.37 82.92 7822 87.04 59.33 80.82 87.05 79.94 71.84 57.73 55.98 16.67 239.22
Te B[4S 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 i 9.16 9.03 9.91 14.94 8.70 14.38 14.55 9.67 10.06 7.85 5.52 S$1.87 10.97
Ti 104827 2254.57 392.73 1095.42 230533 2064.19 283828385530 239778 3474.23  3423.53 2519.32 2829.19 2297.48 1692.81 13.50 981.03
U 2.19 1.61 458 3.35 1.18 .94 43 2.45 1.40 1.38 1.76 .68 .94 .60 .00 2.95 &84
v 26.91 35.40 3.63 35.64 41.99 38.22 40.30 BT 38.84 61.44 59.33 43.82 45.61 38.94 32.94 0.00 7368
W 13.05 9.09 86.47 12088 8.95 13.57 14.29 17.48 11.19 12.92 14.73 15.08 14.39 13.97 15.85 127.76 332005
Zn 63.26 60.45 2274.928 RARN 83.10 60.63 78.83 128.80 53.53 121.07 113.05 58.62 73.28 43.94 3532 332773.64 36874.56
r et | 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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Table 6. Similarity matrix of of 32 heavy metal contents in 495 samples in Hsinchu Coast, 2012-2015

Ag  As  Ba Ca €4 C € C Cu F Hg K M Mo N P P R s $b S¢S 8o $t T T TN U v W Zn It
Ag L 723 G09%R 222 GTF*F L 170% 301%% G79%  J91%* TT2HR S30%* -4B1%% T5E* B00** T3 BO0%F  BI0WF 301%% 400 B4GH*  I73 S4B BEORR JILH TI4RH 4FOWF LS J40%r L 3GIH 68 795 0.038
As 7131 258% 0043 52t - 108% 417 230%% B35*R BITH* 4S6*F QT30 T60WF 606  TISTR B46Y* 402%% -2IT*F 250%% 420%%  106*  SI13*% B23** D06 249 478 -208%* 145%F LJ1E** 262%% 823 - 120%%
Ba 609%* 258% 1 268** 610%* -178%* SE1** 7L 1G5** 3S0%* 296*F -3BIHC 46TH* 4S4*t 41BWF 1TERF BIOTF 360%% 260%%  BI4W 362 10B*  J40YF 417FF BAST 138%% -405** 324 - 100%  4D4%F 160%* 142
Ca 222 0043 268 1 202 15T 0027 ALY 0007 0014 0024 37D 0066 162 0014 D001 230%% 386 763 358 861 0074  0.083 860%* 385 -0.020 447 002 -246** 0056 -0.005 .222%*
Cd 97F 75 G10% 227 TOGVC TRTEHSIZVF 478 JT0NC J80% 746 11 B02°F 4130 402% S3BCC 280%% SOIMF 801 326%F J0RN 48T 520%% 5TRC 376%% 335N 790%* 001
Co -170%% -108% -178%* -153%% -207%% 1 - 117%% 235% -113% 133 101% 3556 166 -103F 164 135%% 165 SI6** -132%F L2230 160%% 0067 -170%% - 146%F -221%% 102* 367 103 170 0071 -131%% -0g0r
Cr 301" 417 582%% 0027 407 -1IT*F 1 203%% 424%% G76*% 330%* -295%% TO0% S44WR Jaatr 420%% 300%F -262*%  104%  240%% 2UEW 216 447%% D021 16B*F 240% -2UGW 214%F 203 TTIM 403 - 136%*
Cs 679%* 230%% BTI** 411%% 670%% 235%* 2031 146*% 200%% 234F -4T4RF 270% 379 220%% 1GG*F  BO0** -465%% BB DADWF  425%* 126%% J4THR 600%*  GEITT 122%% S45%* J36*F 34Tt 200% ST 25T

Cu 791" 835 165%% 0007 796** -113* 424%% 146 | G4G**  S41%* - 280%% FTG* T7S*F BEET 095WR 353 200%% 340+ 400%* D049 619%* OTSH* D043 IB6*F STSWF 300 115*F -225%% 335er ggge - 1ggrr
Fe 777 827 3500 0014 TETOC 13T G760 200%% D4GYF 1 SETYF L3ZPOC 070%F BI0WF OBIMF 042CF 404%* 27TFF 230%* 416 128 SB0MF 036 (0036 220 S20%% 325 17206 L1254 533 035w 202%%
Hg 530** 456%™ 206** 0024 512%% -101% 330%% 234% S4L%* SETRR 1 -215W% 564 520% STIMM 525WR JISHR L SEMR 130 324%% I31%% 650%* 554%% 0056 248%* 351%F -227%% 0009 -100% 0026 532%* -0.066
K -4BL** 273 J333*% 37INF L4TEHR 355RR L005MH 4T4RR 2800 L32THF SQUSTR 1 -300% 470%% - 343%% L305HF 4720 BGTH 205%% L4GT 4SIMH - 1BSHR LJTL%* 307HF L460%* 0068 OO7** 0025 S01%F - 287* -207%% - 139%*

Mo TSE T69%* 467** D066 FT0N -166** T92*r 270%*  FTGHF O79%*  SG4* 300%* 1 B30 000  BTI**  44T*% 346 25B** 453*r 04%* S45*F BT QD2 2B0%* 4TE** 374%% 1330 L08EF 6120 BES*H - 1T4**
Mo B00** 696**  454vt 162%% TEOY* 103+ 544%*  3T0%% T75H agRe 522¢% 479%% B30YF 1 B04W 74%% SBIMR 370 331%% 570 300%% 528% BLOM IBTHR 413 420%% 4T4%% 1720 L24B%% 4STR T68** -0.041
N 73 TTSHR A18YT 0014 TAG** - 164%* TeA™H 220%* BEEHR GBL** STI*F L343%% 000%*  gD4** 1 BE0YY 400%% -302%% 210%%  4D6**  146%*  562°%  B36** -0.031 230** 485 -326%* 175%* 0068 S5T*F BTT* - 194%%
Pb B00%* 846 178 0001 BIIYF 1356 420%F 166%* 9D5FF 0476 S2SVE L30SWC TIMF 774% R0%F 1 A7 262%F 244%% 410% 0.0SI G21%F 07BN 004 206 SI0NF L3250 L1TOF LD51% 3SIME 006 - 186%%
Pd B10%* 402 B10%F 280%%  B02OF - 165%* G00MF 800%F L353CF 4046 ISNF 4720 4470 SEINY 400%F 3730 1 362%F 377%% 03D 3SDNC 201%F 510 SITRE p0ger J00%F -S05% 2780 312 3350 35pe 185
Rb -3001%% -217%% 360%F _386%F -413°% 5I6F 262%% 465°F -200%% L2776 LSBT BGTCF 346 3700 S302°F J260%% 362 1 -275%F 4610 42706 L1354 J3326% 35306 4536 162 3420 0022 54D I50%% 2550 L 170%*
§ 400%* 350% 260%*  T63*% 4D2** -132%% 104%  3BB** J4D%* 230%% 130% 205%% 25BRR JIL%R QU0W Qa4vr 3T7RR Q751 41TOF J2T* 208% 311 G0%% 334%* 140%% 304%% 0057 -240%% 122%% 239%*  101*
Sb 46" 420%% Bl4** 35ERF BIEHC 203 JADWF 042 4DDH AL6%* 324F L4GTF 45TWR STO 406%F 410 G3L*F -461%% 417*% 1 330 276%% STGYF S4IRF 056% 246" 569%% IR0 -39F** 26THF 411t 183
Sc 273 106*  362%% B61** 230%% - 160%% 218** 425%% 0040 128*% 131** -451%% J04%% 300%*  146%* 0051 35I*F -427%% TAT*r 330 L 118 132%% B04** 308%* 0044 488 0034 -166** 206** 0043 33
Se S4B 513 108 0074 SO01* D067 216%* 126" G10%* SBDNF 650%* - I85*F SASHH S2gee SEZYY G21%F 20DYF L1356 228 276%* 118 1 633 0053 164%* 164 2000 001 -150%% 0.063 .630%F -0.044
S BBO%* B23*% 340%* 0083 BOI*Y - 171%* 447 34T*% GTSHR @36** SS4H L3TI%F BETWR BI0* BB6T* 9T8YY S19%F 332%% 311 ST6W 132% 633 1 0076 383 536 -4D4TH ISIMF L2FTH 373 973%* - 12800
Sr 3 006 AT 860 326 - 146** -0.020 609 0048 0036 0.056 307 002 187 0031 004 SI 353 620%* S4D 804 0053 0076 1 SOU% 0016 -467% 003 -261%* 0005 -0.044 340+
Te 7L4** 249%%  B45**  35*r TOEHH L201%* 168 983 18G*H 220%* 4B*F 460 280%F 413 230%%  Q06**  G09** -453%% 3BA%* DS6WF 308**  1G4%F IBIHC SOIRF 1 LIS S46%* 268 -FTIID6W 198%* 242

Th 480%* 478% 138** 0020 4BT** 102¢ 49 122%% STS*% 529%* 3SI*% 0068 478*  422%% 45Tt 530%t 200%*  162**  140%*  246* 0044 164** 536** 0016 115** 1 006 0068 007 I54* 553** 0016
Ti -524%% -298%* 40SMR 44T -529%% 3GTF -D16%% -545%F J300%* 325W Q27 00T** - JT4 4T4%% -326W S325%% SOSWR B4TH 304 LS6O%F 4BB** -J00%* 404%% 467" -S46** 006 1 -0.026 608 -205%* -319%* -0.004
UM 145 34 002 25T -103¢ 204% 2360 IS 177 0000 0025 183 172 175 07 278 0022 0057 280%% 0034 001 15D 003 268 0068 0026 1 1I8Y 301 107¢ 0.038
VoO-3610C 28R 100% S246%% 376 170%% 203 343 2259 1259 100%  SOIF 088 -248°F 0068 -251%F 31200 54D L4006 J308%% 166 - 1S0%% 28706 261%% 37RO 007 608 118 1 007% - 246%% -0.023
W368% 262** 404** 0056 385t 0071 773 200%% 335%* S33*H 0026 -287*% 612%%  4STRR SSTHR 351%% 335ee Q50%r 122% 267*% 206%% 0063 373 0005 196%* I54%% -225%% 301+ 097* 1 32 008
Tn 795 823 160 -0.005 99 - 131%* 403 ISTH 908 I5H* S3Pee Q0T BSWH  JGE*  BTTHR 9OGHF  35E*F -255%% 230%% 411%% 0043 630%% 978** 0044 198% S53* 319%*  107F -46%* 320%* 1 - 186%%

0033 -120%% 142% 222 001 -080% -136** 257*% 180%F _202* D066 130 -174%F 0041 -104%% 186 185 170%F 101% 183 3380 0044 -128%F 3400 242 0016 -0.004 0038 0023 008 136 1
Correlation is sigrificant at the 0,01 Iavel (2-talnd).
*. Comelation is vignificant at the 0.05 level (2-tuiled).
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Fig. 3. Dendrogram showing weighed pair-group method with the Pearson coefficient of 507 samplings

among 32 heavy metal contents in Hsinchu Coast, 2014-2015.
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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
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Fig. 11c. Boxplot of heavy metal As, Sn, Mo contents with 507 samplings in group 1, shows 15 areas and
stations of Hsinchu Coast, 2012-2015.
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7 8. EABILIRIE D3 ~ D4 FRERIKF 2014 2 2015 4R 2 P (ppm)
Table 8. Average value (ppm) of heavy metal elements at D3 and D4 sampling stations between 2014 and 2015
(ppm)
station D3 & #) Dé(REaSFE 2L
year 2014 2018 2014
Ag 11.78 28.71 64.80
As 14.00 1%1.21 270.92 198.31
Ba 1463.89 83010 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 103885 992.00
Cs 168.93 141.23 16939 131.79
Cu 145.24 1608.20 4035.85 4171.92
Fe 466329.96 41112097 929962.86 995185.60
Hg 46.76 12.26 14.46 151.48
K £59.82 2046.72 90513 645.69
Mn 68526.41 36430.58 82592.22 90395.16
Mo 18.89 14.94 32.05 40.03
Ni 162992 833.37 1358.93 143748
Ph 149.41 75506.46 2282336 23957.22
Pd 2047 2070 17.69 38.42
Rb 2.83 12.83 8.78 12.28
s 924.68 2013.11 250557 3008.54
5b 66.05 91.34 126.63 160.70
Sc 143.85 £9.05 .08 27.77
Se 4.00 .60 0.72 11.88
Sa 120.69 286.58 965.57 1678.76
Sr 213.23 26521 21.52 11.82
Te 28593 273.58 186.44 334.66
Th 13.93 8.00 76.55 2719
Ti 1161.30 800.76 26.99 0.00
U £.59 8.0% 3.13 2.76
A\ 138.14 8.01 4.00 .00
W 385.65 27625 9723 158.29
Zn 1070.64 72678.48 343935.18 361612.10

o 166.99 23718 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. 14b. Boxplot of heavy metal Te, Cs contents with 507 samplings in group 4, shows 15 arcas and
stations of Hsinchu Coast, 2012-2015.
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Fig. 15. Boxplot of heavy metal SR, Sc, Ca contents with 507 samplings in group 5, shows 15 arcas and
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Fig. 16. Boxplot of heavy metal Ti, Rb, K contents with 507 samplings in group 6, shows 15 arcas and
stations of Hsinchu Coast, 2012-2015.
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