B A% BEERIE(TW J. of Biodivers.) 19 (1): 49-95, 2017 49
ERN S N oy s B TN
I EEER T LB ITESN

Heavy Metal Pollution in Algal Reef Coasts of Northwest
Taiwan

Ching-Yu Liou”
B R RHA AW RART b e 55244 dHEI S SO R B R 13

Endemic Species Research Institute, Jiji, Nantou, Taiwan

=3 FAEHF © lcy@tesri.gov.tw

* Corresponding author: Icy@tesri.gov.tw

1 %

B It e S VY LSS RN B < P 1 YIS T » SRR T B T R B R R #mIR e
FOMPRAIE Sy 15 B » FHII RSB IE PR, - 4k 81 0 » ¥REE TIE® 2014-2015 F3E(T >
Sy PR HIHREE » HUSEERES VD RIEEA » BARA DL X-HHERE R EE T 32 M E S B IR A HlE - 4
525 {[EERAERLE AT o et 2 BT LUE BB ARG B A Z BRI » (RIE LR 2
Gy 9 e e R 3 ATt AR T (s SR 73 5 4 B o

B LRERS ~ B~ B8~ B HERESTE HEVECVIR - SRR mIESE >SS R C4 BRI,
WIS A AE 8147ppm » FRIVZFII(E 2083.3ppm » fA(H 16,183ppm #R%5E H EVRIES EL FRbknh - &1
R o 55 2 BEEE ~ 81 - 8 ~ B8 85 B~ 85 - BH > R RE R ER TR YT
TASHEE TR E M ~ BHNE - DURRARSORE T g E R - Bt s » SR Fl
PREENG » $EEAAE 2077.2ppm » SREAAE 456.1ppm » 32F » $EAME 351ppm > K F3 RECS 2 8
B KA 1249.8ppm » #3315 YL AT HE S Y 2 AR HE (e - MEE E R IS 4 0 RS
TAERIR BRI RS AE A R th 0 B e v i - 9100 » B A% K fiE 5087.9ppm » $8iA% A fiE 138332ppm ©
IR $H 1479.7ppm ~ 6 457.2ppm ~ §% 245.2ppm 32 3 L RIEEMIES F1 BREEIEIERAE »
38 3 METTREIER ~ 57 ~ B ~ 86 - WHLTIRES 3 B - AMERRSH ~ 8 ~ 5 3 IREH BRI H



50 ENE S P B

x

BRI ES YR IR A 2 O5 $RBRuS AR - BT EERE RS = 18 H pifME — S BIPREH SRR A - (HIX
Ol ~ FREE SR S ~ 7K ~ 88~ 30 51 B SUF RIS Bl R BRI B = i o PR E
FER - Bl FREERRE S RS - ARSI 2778ppm » BENS Rl o

S A R SRR T RE W SRS LT3R - BV R IR B B R A IR - ST 525
(BB AL 7> P EERE AR A B VD RIRRAS » IR 2 TURAE A VIR 2 B S RS VDKL » L5k 3 BT A
2 RN » SRES 4 FETTSREK ~ 81 ~ 80~ 91~ 8% - BIOER R R R - Rral iR En
Reia 5 MR E 2 B T e 2l i i -

AWSERE E SRR < BB S TR - SRR R B AN R 5 R A
IR~ EEERLUE TR £ - IR 240 M E HE 8 - BT ROk L2/
[P = IR 20 LRI 5%

Abstract

This study is an investigation of heavy metal pollution in the algal reef coasts of northwest Taiwan in
2014-2015. The coasts between Taoyuan and Sinfeng, Hsinchu, were divided into 15 segments according
to estuary and geographical locations, then sampling stations were set up according to coast type. A total
of 525 algal reef and 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.

The first group of elements included calcium(Ca), scandium(Sc), strontium(Sr) and sulfur(S). As the
reefs were complete and seldom covered by sand, calcium would be found in higher concentration. At
Sinjie coast C4 station, the maximum content of strontium was found at 8147ppm and the average of
sulfur was 2083.3ppm; and at Caota coast E1 station, the maximum content of sulfur was 16,183ppm,
showing unusually high values. The second group, specifically zinc(Zn), nickel(Ni), copper(Cu),
manganese(Mn), iron(Fe), arsenic(As), lead(Pb) and molybdenum(Mo), are elements commonly founded
in effluents of traditional industrial areas. Extremely high values were detected at Fulin coast F1 station,
with zinc showing a maximum value of 2077.2ppm, nickel 456.1ppm, chromium(Cr) 351ppm; and at F3
station the maximum value of copper was 1249.8ppm. These results are all far above the standard soil
pollution control values for criteria pollutants. Highest values of elements that are not listed in the EPA's
standards were also found. For example, the maximum value of titanium was 5087.9ppm and iron
138332ppm. In addition, barium(Ba) was measured at a maximum of 1479.7ppm, cesium(Ce) 457.2ppm
and tin(Sn) 245.2ppm at Fulin coast F1 sampling station, showing serious pollution. These three elements
along with silver(Ag), cadmium(Cd), palladium(Pd), antimony(Sh), tellurium(Te) were categorized into
the third group. Samples with maximum value of barium, cesium and tin were collected from Fulin coast,
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and maximum values of the other elements were found at Potou coast O5 station. Guan-Sing algal reefs
are Taiwan's only protected algal reef coast. However, the highest or average values of manganese,
mercury(Hg), cadmium, rubidium(Rb), scandium, thorium(Th), palladium were found there. Compared to
data from 2011-2012, zirconium (Zr) slightly reduced to a maximum value of 2778ppm.

During the reef algae building process, these elements may accumulate and may not have the same
degree of heavy metal adsorption as sandy shores. In this study, 525 samples were divided into reef and
sand samples. As shown by the first three groups, many elements in the reef samples were found to be
significantly higher than that of the sand samples. However, the fourth group of elements, specifically
titanium(Ti), potassium(K), rubidium, vanadium(V) and chromium, showed a reversal, with higher
concentrations found in the sand samples rather than the reef samples. It should be especially noted that
the highest values of these five elements were all detected in Luchu coast.

This study found that heavy metal pollution in algal reef coast of northwest Taiwan is serious. Each
segment had different sources of pollutants. Fulin and Laojie coasts were mostly polluted by traditional
industries, Potou coast was polluted by rare metals, Guan-Sing algal reefs coast and the coast on both
sides of Yongan Fishing Port were polluted by a complicated mix of factors.
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Table 1. Maximum and Mean of 32 heavy metal contents from 525 samples in algal reef coasts of
northwest Taiwan, 2014-2015
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Maximum - .Mean Sfd'. Maximum - .Mcan S%d'.

Statistic ~ Std. Error  Deviation Statistic  Std. Error  Deviation
Ag 512 10.22 0.41 9.43 Pd 77.9 1292 57 13.12
As 271.6 25.52 1.61 36.92 Rb 88.9  35.22 .84 19.32
Ba 1479.7  537.24 8.45 193.67 S 16183.0 2083.31 7777  1781.96
Ca  458215.9 93063.10 3843.67 88069.52 Sb 2883  72.55 2.14 49.13
Cd 99.3 18.57 0.65 14.85 Se 270.9  82.37 3.06 70.08
Co 299.4 30.14 1.94 44.39 Se 8.1 .32 .04 91
Cr 350.6 24.19 1.24 28.50 Sn 2452 72.84 1.73 39.57
Cs 457.2 146.73 3.16 72.52 Sr 8147.0 1156.52 61.88 1417.78
Cu 1249.8 53.85 4.06 93.01 Te 941.3  269.92 6.98 159.87
Fe 138331.7 18331.49 738.19  16914.16 Th 42.0 10.76 24 5.49
Hg 53.6 7.04 0.40 9.19 Ti 5087.9 1192.73 38.33 878.34
K 13509.5 5973.25 146.48  3356.19 U 25.1 1.04 A2 2.66
Mn 267353 2417.25 163.69  3750.52 Vv 87.8  24.10 .67 15.43
Mo 69.0 7.13 0.42 9.66 w 105.5  10.50 .78 17.83
Ni 456.1 3113 2.19 50.23 Zn 2077.2  132.87 9.53 218.31
Pb 148.4 24.28 0.76 17.39 Ir 27717 367.27 15.79 361.83
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Table 4. Statistics of Ca, Sc, Sr, S contents from reef and sand, northwest Taiwan

RS Maximum o Mean St Fror Std. Deviation Variance
Ca 45821591 128653.43 4209.60 81191.87 6592119535.18
reef Sr 8146.98 1583.81 76.98 1484.78 2204563.07
n=372 Sc 270.89 113.52 3.09 59.61 3553.49
S 16183.04 2679.67 92.38 1781.68 3174390.39
Ca 14994.77 6529.74 272.26 3367.73 11341577.86
sand  Sr 910.36 117.61 10.02 123.97 15368.44
=153 Sc 74.03 6.61 0.83 10.25 105.06
S 2840.99 633.34 37.22 460.43 211991.52

7% 5. ZETUILENER F1 K F2 FRERUL 32 T B8 & & 2 Rl &k
Table 5. Descriptive statistics of 32 heavy metal contents from station F1 and F2, northwest Taiwan

P38 pR0R 0 O 30 2 SRR (B L) n=12

Cd

Sn
Sr
Te
Th
Ti

£ <c

Zn

FLE PR EE 2 308 SRR (B EAL) n=9
» Mean Std.
M Statistic Std. Error  Deviation
41.38 21:52 3.90 11.71
131.16 67.55 14.82 4446
1479.73 906.69 100.66 301.98
265887.69 152015.54 15839.69  47519.08
57.61 37.79 541 16.23
44.02 6.90 5.05 15.15
350.59 106.32 42.42 127.26
45722 274.07 3242 97.27
160.38 101.83 13.88 41.65
138331.67 68076.70 16949.67  50849.00
46.41 12.47 481 14.42
4955.72 3555.68 263.11 789.33
12856.91 6484.50 1181.48 3544.44
40.82 25.38 425 12.76
456.11 186.99 4831 144.92
103.21 58.87 11.00 33.01
46.76 28.09 440 13.21
26.80 19.26 1.35 4.06
3228.92 1853.04 278.63 835.88
258.31 152.50 20.79 62.38
137.45 63.94 16.88 50.64
.00 .00 .00 .00
245.24 153.85 19.61 58.84
1209.77 943.89 43.32 129.97
92291 519.36 73.18 219.55
15.87 11.53 1.35 4.05
5087.88 2958.05 470.32 1410.96
4.96 .95 .64 1.92
69.70 32.64 7.97 23.90
63.68 8.02 7.02 21.06
2077.20 925.82 226.28 678.83

922.63

591.75

82.37

247.12

Pb
Pd
Rb

Sb
Sc
Se
Sn
Sr
Te
Th
Ti

£ <c

Zr

b5

s s Mean Std.
Maem Statistic Std. Error Deviation
35.80 21.11 2.74 9.48
109.97 74.58 8.09 28.03
1125.74 909.29 48.35 167.50
156589.47 101785.86 10583.54  36662.46
58.62 37.76 343 11.89
167.77 35.25 16.55 57.34
32.79 7.36 3.46 11.98
357.00 269.45 15.79 54.68
1249.83 490.72 97.52 337.82
72836.23 45691.06 5390.84  18674.42
31.76 13.47 3.15 10.91
10020.93 6241.57 768.64 2662.64
22995.79 14034.63 1953.88 6768.45
31.69 20.43 2.04 7.05
395.17 208.69 27.24 94.35
77.10 51.39 423 14.65
44,99 28.58 422 14.63
37.26 27.62 1.97 6.81
3128.81 2270.71 177.20 613.86
202.26 145.93 11.90 41.21
172.74 124.36 8.36 28.96
3.80 76 37 1.29
188.70 147.22 9.93 34.40
1596.90 883.94 106.41 368.60
700.38 521.35 38.40 133.02
17.70 10.59 1.13 3.92
1483.38 803.24 119.66 414.53
7.29 .88 .62 2.14
58.25 28.28 5.35 18.53
42.14 4.80 3.55 12.30
1961.56 1120.19 121.81 421.95
596.46 203.22 4431 153.48
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Table 6. Descriptive statistics of 32 heavy metal contents from station D2 and L7, northwest Taiwan

D2 4R C1 A6 3T 52 Sl (B WA ) n=6 7.7 3510 J6 {5 i (8 £ ) n=9
; Mean Std. . Mean Std.
Maximum L Maximum L

Statistic Std. Error  Deviation Statistic Std. Error  Deviation
Ag 23.68 12.47 3.87 9.48 Ag 22.84 15.64 1.88 5.63
As 274.86 177.32 36.14 88.53 As 277.58 132.31 32.33 97.00
Ba 914.67 705.03 69.41 170.02 Ba 911.12 682.67 45.33 135.99
Ca 129076.46 102944.89 6163.81  15098.20 Ca 195696.48 139084.85 9986.77  29960.30
Cd 39.97 22.21 5.80 14.19 Cd 38.89 24.55 3.13 9.38
Co .00 .00 .00 .00 Co 51.86 12.98 6.82 20.47
Cr 138.33 68.10 19.70 48.25 Cr 2249 13.15 3.40 10.21
Cs 2717.54 193.11 27.22 66.66 Cs 264.98 203.65 15.67 47.02
Cu 195.88 134.45 25.78 63.16 Cu 115.43 72.32 8.40 25.20
Fe 125855.48 79375.57 16058.81  39335.89 Fe 105808.16 44223.37 10899.95  32699.86
Hg 2541 10.99 4.67 11.43 Hg 40.92 11.70 4.57 13.71
K 11681.50 8008.25 947.59 2321.10 K 5586.29 4026.03 396.45 1189.34
Mn  18029.44 10212.01 2081.13 5097.71 Mn  15299.10 8282.70 1940.82 5822.46
Mo 18.95 13.58 1.85 4.54 Mo 68.98 44,52 6.40 19.20
Ni 137.62 85.62 11.85 29.04 Ni 133.84 73.56 19.97 59.90
Pb 111.57 66.12 14.79 36.22 Pb 148.38 85.13 16.72 50.15
Pd 48.34 21.86 7.47 18.29 Pd 33.70 24.99 2.19 6.57
Rb 52.63 36.37 3.98 9.76 Rb 37.04 2741 225 6.75
S 1268.17 821.67 154.76 379.08 S 6467.18 4807.48 375.71 1127.13
Sb 173.38 99.11 21.38 52.37 Sb 175.82 110.09 11.62 34.85
Sc 172.93 104.39 26.30 64.42 Sc 234.71 106.00 19.25 57.74
Se 1.03 30 .19 47 Se 8.06 1.07 .88 2.65
Sn 180.78 107.60 20.65 50.58 Sn 148.98 105.46 9.36 28.09
Sr 1801.78 1219.01 152.95 374.66 Sr 2437.67 1759.40 157.07 471.22
Te 558.63 357.32 64.98 159.17 Te 605.40 387.76 38.34 115.03
Th 20.67 12.88 1.65 4,03 Th 18.56 12.45 1.79 5.38
Ti 2032.42 1433.82 132.06 323.49 Ti 697.06 413.28 63.81 191.43
U .00 .00 .00 .00 U 71 .08 .08 24
\Y 54.42 37.20 7.83 19.18 \Y 47.14 25.96 5.01 15.03
W 28.16 4.69 4.69 11.50 W 42.50 8.62 5.74 17.21
Zn 322.71 237.23 26.82 65.69 Zn 232.84 163.00 16.97 50.90

Zr 1106.04 526.96 189.74 464.77 Zr 2134.24 501.74 240.91 722.72
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Table 7. Statistics of Zn, Ni, Cu, Mn, Fe, Pb, As, Mo contents from reef and sand, northwest Taiwan

GRS Maximum e ican St Bror Std. Deviation Variance
Zn 2077.20 152.13 13.30 256.58 65831.11
Ni 456.11 36.55 3.01 58.04 3368.11
Cu 1249.83 66.29 5.59 107.81 11621.95
reef  Mn 26735.34 3250.01 216.00 4166.12 17356549.65
n=372  Fe 138331.67 17676.42 1007.55 19433.01 377641969.16
Pb 148.38 27.13 1.02 19.68 387.25
As 277.58 31.14 2.20 42.42 1799.22
Mo 68.98 9.51 .54 10.45 109.30
Zn 139.75 86.04 1.82 22.45 504.13
Ni 90.91 17.96 1.23 15.21 231.43
Cu 87.43 23.61 1.01 12.54 157.13
sand Mn 6657.68 392.50 44.61 551.82 304499.86
=153  Fe 108166.48 19924.20 630.93 7804.19 60905400.57
Pb 50.58 17.33 44 5.41 29.22
As 57.41 11.86 52 6.44 41.45

Mo 24.04 1.35 22 2.73 7.43
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Table 8. Descriptive statistics of 32 heavy metal contents from station D2 and L7, northwest Taiwan

Ag
As
Ba

Cd
Co
Cs
Cu

OSERURERTFRR O EERRE) n=12

i Mean Std.
Mo e Shl Bmor Deviton
5721 2917 5.78 2003
56.68 20.69 3.56 1233
1353.32 86045 11468 39725
21042034 80806.60 2029380 7029978
99.27 48.11 8.81 30,51
149.43 24.02 13.33 46.18
38.16 1141 491 17.00
456.84 267.64 3744 12969
56.43 21,85 6.05 20,95
2178338 1479363 133564 462678
51.96 16.48 5.85 2026
580517 286144 44391 153775
1089437 305465 82237 284877
24.04 8.84 2.19 7.58
69.01 1331 6.01 2081
50.58 26.53 2.86 9.90
77.85 37.38 775 26,85
38.54 26.76 183 6.33
529960 251076 42504 147238
288 31 162.57 2759 95.57
196.15 100.14 2258 78.23
3.83 59 35 120
200.68 120.07 16.46 57.01
1379.60 973.47 5942 205.82
94134 546.67 8812 30526
31.76 17.92 1.97 6.83
1495 85 77106 15438 53478
25.14 407 235 8.13
52.49 18.03 5.60 19.39
80.79 18.55 7.54 26.11
103.58 70.68 3.92 13.57
1815.23 931.00 14482 50167

Ag
As
Ba

Ccd
Co

73
H5 R 7 sl A i OO A S 1) n=12
; Mean
Muvamm —cor®  SW.Emor | Sil. Devstioh

2410 17.02 310 1424
137.41 51.86 1232 .69
1281.97 666.92 94,57 32761
33310931 16116386 3571831 12373184
7121 28.45 5.94 2056
29935 40.36 24.84 86.04
53.25 16.86 5.96 20.66
408.35 20134 3211 11.22
68.34 39.15 6.94 24.03
53986.09 2026690 446777  15476.81
38.55 13.09 3.33 1154
663973 381108 51432 1781.66
546338 323546 363.64 1259.70
19.18 5.89 1.76 6.09
90.84 32.16 9.53 33.02
58.69 31.23 459 15.91
6823 2321 5.84 2023
36.32 2047 1.86 6.4
5770.81 316922 575.65 1994.10
245.64 108.98 21.44 74.28
199.94 105.15 15.13 5243
4.06 93 43 1.49
21175 98.74 19.94 69.07
2498.05 16812 13021 45105
920.14 390.91 74.94 259.61
21.57 13.43 1.66 575
1017.60 584.14 7622 264.03
458 38 38 132
2461 13.91 229 7.94
9326 8.35 774 2681
17481 97.73 10.40 36.04
1080.53 498.39 89.05 308.46
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Table 9. Statistics of Ag, Ba, Cd, Cs, Pd, Sh, Sn, Te contents from reef and sand, northwest Taiwan

— . Mean Std.
BRIEE Maximum Statistic  Std. Error Deviation
Ba 1479.73 585.83 10.31 198.88
Cs 457.22 171.77 3.54 68.33
Te 928.25 324.04 7.83 151.01
reef  Sb 287.15 88.29 2.43 46.85
n=372 Sn 245.24 85.38 2.04 39.26
Cd 99.27 23.49 T2 13.97
Ag 57.21 13.26 46 8.95
Pd 77.85 17.13 .66 12.69
Ba 1353.32 419.09 9.19 113.71
Cs 406.62 85.87 3.10 38.36
Te 941.34 138.33 7.16 88.58
sand  Sb 288.31 34.28 2.40 29.69
n=153 Sn 191.53 42.34 1.44 17.76
Cd 83.06 6.62 73 9.02
Ag 56.66 2.83 A7 5.82
Pd 62.03 2.69 58 7.19

%

2K 10 EHPGACAE L ~ #1081~ FL~ 8%~ B K~ B BLE BIEREEE RO RIBRA A HE
Table 10. Statistics of Ti, Rb, K, V, Cr, Co, Hg, Zr, Th contents from reef and sand, northwest Taiwan

N ) . Mean Std.

R M fic Std, Error Deviation
reef Ti 5087.88 78949  33.69  649.81
=372 Rb 8891 2638 79 15.19
K 1321262 445432 12552 2421.00

v 69.70  19.55 68 13.02

Cr 35059 21.52 166  32.03

Co 20935 20.02 216 41.62

He 53.60 8.52 51 9.92

7r 2777.65 43183 2093  403.67

Th 4203 1112 32 6.18

sand T 382771 2173.16 4149 51322
=153  Rb 7936 56.69 67 8.30
K 13509.48 966634  183.47 2269.36

v 8778  35.16 123 1525

Cr 66.09  30.69 124 1537

Co 150.67 5475 334 4129

Hg 51.35 3.46 46 5.73

7 88541 21028  11.02  136.32

Th 23.06 9.89 25 3.10
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Cirih
D4

1. ST A AR A G EE - 2014- 2015 A
Fig. 1. Study area of algal reef coasts in northwest Taiwan, 2014- 2015.

‘&

2. Z AL A SRR PRER UL (L& & » 2014- 2015 4 »
Fig. 2. Sampling stations of algal reef coasts in northwest Taiwan, 2014- 2015.
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UPGMA

Mean Character Difference

B 3. =i 252 WEEAT 32 THE BRI TR Z B AGHHAE - 2014-2015 4 -
Fig. 3. A dendrogram showing unweighed pair-group method with the mean character difference of 252 samplings among 32

heavy metal contents in algal reef coasts of northwest Taiwan, 2014-2015.
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Fig. 4. Ordination of 32 heavy metal contents by 525samples along the first two PCA axes in algal reef coasts of northwest
Taiwan, 2014-2015
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Fig. 5. Ordination of 525samples by 32 heavy metal contents along the first two PCA axes in algal reef coasts of northwest
Taiwan, 2014-2015
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Fig. 6. Boxplot of Ca, Sc, Sr, S, contents in sampling stations in algal reefs coast of northwest Taiwan.
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Fig. 7. (continue) Boxplot of Ca, Sc, Sr, S, contents in samplings divided into sand and reef coasts,

northwest Taiwan.
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Fig. 9. (continue) Boxplot of Zn, Ni, Cu, Mn, Fe, As, Pb, Mo contents in samplings divided into sand and

reef coasts, northwest Taiwan.
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Fig. 10. Boxplot of Ag, Ba, Cd, Cs, Pd, Sh, Sn, Te, contents in sampling stations in algal reefs coast of

northwest Taiwan.



B A% BEERIE(TW J. of Biodivers.) 19 (1): 49-95, 2017 89

ppm station
500 [
w2
* @3
W4
4001 Os
[
|7
300 .
Cs
- ; 0 b l
i i ‘ ] [}
100+ ‘.‘ l l . ;' ﬂ. i o
LA $ : [ ’
LB
v T ] T T T ) T T T T T T T T T
ARYr Bl Cwth DEi EWR FaE# GAE HAOE % JRE KR Lk%E MEE NN O
Area
ppm station
801 L1
|2
@3
W4
60-1 Os
s
|7
Pd
40 " °
°
o
°
20 '" ' ° E .
. H
o T .ol T A c‘v !I Jl
AXYr Bib( Cgiti DEH ERE Faik GAM HAN IB%E JBE KB L%k M NES OBt
Area
ppm station
300 LI
2
[mk]
< 4
Os
[
2004 |7
sb .
o
- | v‘
i3 |
& T I
m ] ° ' Vo '. r ﬁ ".\ (] ] i
o s}
U T T T T T T T T T T T T T T T
ARTr Bl Cil; DEH EWE Fa#k OKE HAR BE JRE KikR Lk%x MEE NFEH O
Area

10. (f#) S YA R S PR 2 3R ~ BH ~ 8 - 86~ 5 - B8 5~ e R aE -
Fig. 10. (continue ) Boxplot of Ag, Ba, Cd, Cs, Pd, Sb, Sn, Te, contents in sampling stations in algal
reefs coast of northwest Taiwan.



T

ESa MEES

90 RIS
ppm station
250 | B

[P
s
W4
200 Ds
3
w7
150+
Sn
0
S H 5
j I
by u + M
50 o . 4 4 9 [
!‘:ﬁa'?“é "'* | ,Jia!”.
: AT BHlL CFiti DESi EWE Faf Gidi HAE IRd  JoE KR Uik MESE Nyl O
Area
ppm station
1000 | _§
[}
° Dg
W4
000} Os
[ 3
7
600 (-]
Te °
0
w0 i “g e
. Lk
. Y T
(<]
D-W § ﬁl t ! ' * g L * ., i

10. () ZE PG AR R A PRER UG Z B ~ 31~ B8 - 86 - 30 - B - B - WA B LaIPE -
Fig. 10. (continue ) Boxplot of Ag, Ba, Cd, Cs, Pd, Sh, Sn, Te, contents in sampling stations in algal

T T T T T 1 T T T T T T T T T
Adkty Bhb. Caili Dt ESCR FEMK GAM HAR R4 JWE KR k% MEE NFE OBk
Area

reefs coast of northwest Taiwan.




B B ERFS2(TW J. of Biodivers.) 19 (1): 49-95, 2017 91

ppm| station
6000-] I
W2
s
50001 W4
Os
W5
40001 o7

1000+

g ﬁi T 4 '
Wﬂ”..";.!ﬂ J 1
o«

"&‘ "]l“n'ﬁ; ﬂWﬁ ' ﬁ-ﬂ'

T T T T T T T T T T T T T T T
ARTT Bl C#iti DEH EFZE FEH O HAR IRE JoE KAHE Likxr MESE NEH O
Area

150001 station

ST .

L g

) .' ‘ . P
b ..‘ !

T T T T T T T T T T T T T T T
ARTT Bile Cithi DEf ERUR FE# GAM HAR IfRE  JEE Kk Lk%x MESE NEH| Okt

*
[
=)

5001

g

. !

Area
ppm station
100 | ]
2
@s
W4
80+ * D 5
[
w7

60 h o 4 ‘ l ?

a4 " "

Rb

Pl

'”; ‘o 'l Oi % F 'i {b‘

T T T T T T T T T T T T T T T
ARYr Bhl. Cwiti DEfli ENR Fakk CAM HAM R4 JmR Kk Lk%x MEE  NGgH|  Ofs

§

|
.c_ 4”
|

Area

11, ST ILETERRR P A PR 2 8K ~ $1 - SnE B LAl -
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