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In investigating heavy metal contents at specific areas, the method of selecting sam-
pling points is important. A general method is, according to the law <Official En-
vironmental Pollution Test Method>, random sampling of zigzag-form in the selected field.
In this work, we studied whether the measured values obtained from a certain method of
selecting sampling points is a representative of heavy metal contents in the selected field
or not. The selected field for this study is located on the lower Yangsan-river; Gasan-li,
Mulgum-myon, Yangsan-gun, KyoungNam, 1 km away from the main stream of Nakdong
river. The heavy metals investigated were Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn. The in-
ductively coupled plasma(ICP) atomic emission spectrometer was used to measure these
metals quantitatively. The number of total sampling points were 24. We compared the to-
tal mean values with the mean obtained from various methods of selecting sampling

points.
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Fig.1.The location of the sampling area.
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Table 1. Concentrations of eight heavy metals at 24 sampling points in the selected field, pg/Z

Cd cr Cu Fe Mn Ni Ph Zn
Al 1.3 4.5 2.4 4300 63 0.85 10 22
A2 2.7 12 8.6 8000 300 2.3 26 58
A3 2.1 i5 11 7900 310 3.4 39 58
Bl 2.1 8.9 5.4 6500 110 1.5 18 39
B2 2.2 9.9 6.8 6900 240 1.7 22 44
B3 2.6 15 12 7900 270 2.7 35 63
C1 2.5 55 17 7600 240 3.1 36 46
C2 2.4 9.1 6.9 7500 260 2.3 23 48
C3 2.8 14 10 8700 320 2.4 33 63
D1 3.4 16 9.8 10000 330 3.8 25 69
D2 3.7 12 7.8 11000 310 5.1 24 87
D3 2.5 9.5 6.9 7800 260 2.8 22 54
El 0.63 2.7 2.2 2600 66 0.64 10 14
E2 2.3 10 7.6 9100 320 2.4 26 54
E3 2.4 8.8 8.2 9400 360 2.6 30 59
F1 1.6 4.5 3.2 5200 110 0.93 13 26
F2 1.4 6.6 5.6 5600 170 1.2 22 27
F3 1.6 3.9 7.0 5900 250 1.9 27 35
Gl 0.88 5.3 4.4 3500 130 0.75 15 15
G2 1.1 4.2 3.8 4400 120 1.2 18 22
G3 2.2 17 12 8300 380 3.8 38 59
Hl 0.85 3.2 2.0 3700 70 0.94 8.6 16
H2 1.9 15 9.1 7000 400 3.5 30 49
H3 1.6 9.5 7.0 5600 200 3.0 24 41
*meanl 1.7 12 5.8 5400 140 1.6 17 31
*mean? 2.2 9.8 7.0 7400 270 2.5 24 49
*meand 2.2 12 9.3 7700 290 2.8 31 54
smeanl,2,3' The average concentrations of each heavy metal in the sampling points of Al-H1,A2~H2. and A3~H3. respectively
ded AL A4Y + dth F HE oo ez,
AL ote BEEALSE igle At gt A 25} Al 23}, E2 AEEE ey
I E T Uk ATfedAde 24708 AR L sgoz g, HEars 4] (37 7o)
AH AN e ARES WBAL2E z2xyzo) agto gy Yoju AT ey
star, o] ARTE FolM ME HE WHEE o oy Y A4S Anns 2HE 7ty
AR AR AH AMAA 2L AESET W g s 3 Y Ay pdela Lojn =
422 0059 FrefrEAM 2ANE AN gge Wl U FFRo2¥E
staleh. = Heluhe AEE v @3] A7 Zolch
AT x M 4t o o3 X —x
T GEawe Ea O XETH g oA <00 @®
2, o]l7le] diZEA kel R4S x2 X9 95% E : 237k Ab 93}
A 5F B el &ateA] 2Abshec. % s &A1 A AR A A3
. 2 :—]'%(mgmﬁcance probability, p- -Zh): Ay e g 23 2z HFh
FoFEL A Frde]l Folete sHA FtellA X A EE QAR 7 (3N E g2A
AR tgholh x-gtat & A EAe o ael AEY)
B2A 8 NEon ALALE NS 4
o Fol TE AAEAZREL gt aF3} 4. As} ) A
< #FEolch. webA p-gte Z4r] oE w 4.1. 5ol U7 22& 29w,
5 S . L
o2 AAg *]f‘i'] A AAHAM FL HF = Table-19]] 24742] A2 M3} 2| Ao gt 2+
T owabe]l gEAS] HF me A Mh zasg rre s A Al @
TAES A B x2'7‘jxéy—q o FAA 2} Cd, Cr, Cu, Fe, Mn, Ni, Pb, @ Zn?%] 2

36



e B FE5

Ao AR AH 2H A

Bol-

ol @ Axkgel EAX ¥

Table 2. The mean concentrations, standard deviations, and relative standard deviations
of eight heavy metals measured from all the 24 sampling points, ug/g

Cd Cr Cu Fe Mn Ni Pb Zn

mean 2.0 12 7.4 6800 230 2.3 24 45

*g 0.8 10 3.5 2300 100 1.2 9 19

**rsd(%) 38 88 48 34 43 51 37 43

*s! standard deviation *+rsd(%): relative standard deviation
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Fig.3. The distribution diagrams of eight heavy metals in the selected field.
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Table 3. The mean concentrations and standard deviations of eight heavy metals ob-
tained from the various methods of selecting sampling points, ug/g

Cd Cr Cu Fe Mn NI Pb Zn

W-form mean 2.0 10 7.0 6800 240 2.4 24 46
x5 0.9 5 3.5 2600 130 1.6 10 24

**+rsd(%) 47 51 50 38 04 66 42 53

M-form mean 2.2 16 8.7 7400 270 2.7 27 18
*S 0.% 16 3.8 2300 9z 1.4 8 22
*+rsd(%) 38 100 44 31 34 53 29 45

= form mean 1.9 15 8.4 6500 230 2.2 26 42
s 0.8 17 5.1 2600 130 1.1 12 21
*xrsd(%) 44 109 61 40 57 51 18 51

i form mean 1.8 9.9 6.7 6000 240 2.3 23 41
*s 0.6 5.2 3.7 1900 140 1.2 12 18
**rsd(%) 36 52 55 32 58 51 51 44

X-form mean 1.9 9.0 6.0 6400 190 2.7 21 15
*8 1.1 5.1 3.8 3100 120 1.8 12 29
**rsd(%) 56 57 63 48 63 67 58 64

Random1 mean 2.4 9.8 7.1 7600 250 2.3 23 51
*3 0.8 2.9 2.0 3500 100 1.4 6 22
*xrsd(%) 36 29 28 46 40 58 27 44

Random2 mean 2.4 16 8.7 8100 260 2.8 27 53
*S 0.7 17 4.4 2100 100 1.3 10 19
+*xrsd(%) 29 105 50 26 38 46 36 36

Random3 mean 2.2 16 8.7 7200 220 2.0 26 45
*$ 0.5 17 4.6 1500 91 0.8 9 15
**rsd(%) 24 106 53 21 4] 40 3 34

x5! standard deviation
*x*rsd(%): relative standard deviation
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e
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Fig.4. The t-values from the various methods of selecting sampling points.
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Table 4. The correlation coefficients between concentrations of heavy metals and

NSCORE
Heavy Cd Cy Cu Fe \n Ni b Zn
metals

Correlation 949 1764 0979 0991 0973 0980 0988 098]

coetficient s

Table 5. The t-values of seven heavy metals obtained from the various methods of select-
ing selecting sampling points

Cd Cu Fe Mn Ni Ph Zn a=0.05

W-form 0.035 0.26 0.042 0.23 0.21 0.083 0.13 1.9
M-form 0.37 0.99 0.64 1.1 0.76 1.2 0.50 1.9
= form 0.59 0.58 0.33 0.032 0.21 0.55 0.32 1.9

Il form 1.1 0.43 1.0 0.14 0.13 0.21 0.53 2.0
X-form 0.24 0.77 0.29 0.72 0.46 0.53 0.021 2.1
Randoml 1.0 0.31 0.87 0.39 0.10 0.23 0.74 1.9
Random2 1.4 0.79 1.6 0.89 1.1 0.81 1.2 1.9
Random3 0.80 0.75 0.67 0.38 0.81 0.67 0.14 1.9
Random4 0.072 0.080 0.29 0.59 1.2 0.42 0.19 1.9
Randomb 0.19 0.38 0.22 0.10 1.2 0.22 0.64 1.9
Random6 0.66 0.72 0.53 0.31 0.69 0.72 0.33 1.9
Random? 1.2 0.65 1.4 0.59 1.1 0.35 1.0 1.9

Table 6. p-values of t-test of seven heavy metals obtained from the various methods of
selecting sampling points

Cd Cu Fe Mn Ni Pb Zn mean s
W-form 0.97 0.81 0.97 0.82 0.84 0.94 0.90 0.89 0.07
M-form 0.72 0.36 0.54 0.30 0.47 0.27 0.63 0.47 0.17
= form 0.58 0.58 0.75 0.98 0.84 0.60 0.76 0.73 0.15
Il form 0.31 0.68 0.35 0.89 0.90 0.85 0.62 0.66 0.25
X-form 0.82 0.48 0.78 0.51 0.67 0.62 0.98 0.70 0.18
Random] 0.35 0.76 0.42 0.71 0.92 0.83 0.49 0.64 0.22
Random2 0.21 0.46 0.16 0.41 0.33 0.45 0.27 0.33 012
Random3 0.46 0.48 053 0.71 0.45 0.53 0.89 0.58 0.16
Random4 0.94 0.94 0.78 0.57 0.26 0.69 0.86 0.72 0.24
Randomb 0.86 0.72 0.83 0.93 0.26 0.83 0.54 0.71 0.23
Random6 0.53 0.50 0.62 077 0.51 0.50 0.75 0.60 0.12
Random7 0.28 0.54 0.21 0.58 0.31 0.74 0.34 0.43 0.09

xs standard deviation
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Table 7. The x? distribution of seven heavy metals obtained from the various methods of
selecting sampling points

¢d Cu Fe Mn Ni Pb n X oo, 2w

W-form 10 7.0 10 11 13 9.1 11 16, 1.7
M-form 7.8 8.2 7.4 5.5 10 5.8 8.9 16, 1.7
= form 7.7 15 10 11 8.3 14 8.7 16, 1.7
I form 3.3 5.4 3.8 8.6 5.3 8.9 4.4 13 . 0.83
X-form 7.8 4.6 7.7 5.6 9.4 7.8 9.1 11 , 0.48
Random1 7.0 1.9 7.1 5.1 8.3 3.2 8.1 15, 1.2
Random2 4.7 9.1 5.4 5.2 7.3 7.1 6.1 15, 1.2
Random3 2.8 10 2.8 4.6 2.9 6.3 3.9 15, 1.2
Random4 4.5 3.9 2.9 3.8 2.1 3.7 4.5 15, 1.2
Random$ 4.5 10 4.9 3.7 3.2 5.9 4.4 15, 1.2
Random6 5.2 12 5.0 8.8 5.6 8.8 5.0 15, 1.2
Random? 4.7 4.9 4.1 7.4 4.1 5.7 4.3 15, 1.2

Table 8. The p-values of x? distribution of seven heavy metals obtained from the various
methods of selecting sampling points

Cd Cu Fe Mn Ni Pb Zn mean *s

W-form 0.34 .86 0.37 0.25 0.14 0.49 0.27 0.3Y 0.23
M-form 0.69 0.63 0.77 0.80 0.33 0.88 0.52 0.66 0.19
= form 0.72 0.08 0.38 0.29 0.61 0.10 0.55 0.39 0.25

It form .70 0.73 0.84 0.25 0.75 0.23 0.98 0.64 0.29
X-form 0.20 0.67 0.20 0.47 0.10 0.20 0.12 0.28 0.21
Random1 0.63 0.14 0.63 0.93 0.44 0.42 0.16 0.52 0.24
Random2 0.83 0.34 0.99 0.97 0.58 0.62 0.82 0.74 0.23
Random3 0.33 0.23 0.34 (.81 0.37 0.77 0.62 0.50 0.23
Random4 0.77 0.61 0.36 0.60 0.17 0.57 0.79 0.55 0.22
Randomb 0.78 0.28 0.89 0.56 0.43 0.87 0.74 0.65 0.23
Random6 0.96 0.13 0.92 0.37 0.94 0.37 0.92 0.66 0.35
Random? 0.84 .90 0.66 (.56 0.69 0.91 0.71 0.76 0.13

x50 standard deviation
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Table 9. Relative errors(Er) of eight heavy metals obtained from the various methods of
selecting sampling points, %

Cd Cr Cu Fe Mn Ni Pb Zn
W-form 0.57 10.65 4.35 0.57 4.67 5.09 1.24 2.52
M-form 5.23 38.23 18.15 7.57 15.78 16.73 14.14 8.65

= form 8.27 32.92 14.23 4.45 0.62 4.08 10.09 5.38
Il form 14.26 14.53 8.87 11.86 3.34 2.88 4.10 8.76
X-form 5.82 22.43 17.77 5.89 17.06 16.20 12.20 0.62
Randoml 15.87 15.29 3.17 11.55 6.10 2.26 2.28 13.91
Random2 17.94 41.67 17 .64 18.44 14.14 22.65 12.30 20.07

Random3 7.82 41.14 17.84 5.62 5.70 10.87 9.55 1.83
Random4 0.90 16.27 1.17 2.43 8.06 14.03 4.57 2.69
Randomb 2.36 32.97 8.79 2.42 1.29 17.31 3.00 3.91

Random6 8.81 46.02 18.56 5.87 6.42 12.85 12.04 4.92
Random? 15.06 19.75 10.68 13.95 11.12 17.58 4.73 14.47
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Fig.5. Relative errors(Er) from the various methods of selecting sampling points.
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