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0 O O In order to obtain chemical data of boreholes, which were drilled for three-
dimensional mapping thelead and sulfur contamination at theindustrid ste, we andyzed
the coarse-grained 1,000 borehole soil samples using two portable energy disversive
X-ray fluorescence spectrometers (EDXRF). Among the 1,000 samples, 250 were
crushed and pressed for chemical analysis by a wavelength dispersive fluorescent
spectrometer (WDXRF) and a polarizing energy dispersive X-ray fluorescence
spectrometry (3D-EDXRF). These WDXRF and 3D-EDXRF datawere compared with
those of the portable EDXRF, for evaluating the quality of the portable EDXRF data.
0 O O The qudity of the portable EDXRF datais high enough for mapping the lead and
sulfur concentrations. Sulfur, K, Ca, Fe, Cu, An, and As concentrations of the portable
EDXRF are 20% to 100% higher than those values obtained by WDXRF and 3D-
EDXRF. The grain size of soil samples for the portable EDXRF analysis are not fine
enough with respect the standard samples used for making calibration lines of quantita-
tive analysis of these elements. Rubidium, Sr, Zr, Ba, Pb concentrations of the portable
EDXRF are similar to those values obtained by 3D-EDXRF, suggesting grain size of
soil particleswill not affect serioudy on XRF analysis of these lements. The energies
of X-ray fluorescences of these elements are high enough to penetrate soil grains.

0 O O The quality of the portable EDXRF data is high enough for identifying
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artificial lead and sulfur contamination from natural lead and sulfur mineralization,
aslong as we use S/Fe and Pb/K ratios.

[Key words] Portable energy dispersive X-ray fluorescence spectrometry, Soil
contamination, Toxic heavy metals, Wavelength dispersive fluorescent spectrometer,
Polarizing energy dispersive X-ray fluorescence spectrometry
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Fig.60 (a)Stratigraphic section of drill hole HS017 showing sulfur, calcium, iron, copper, zinc, and
lead concentrations. (b) same as (a) but for HS064.
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concentrations of Epsilon 5 vs. EDS700HS. (continued)
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Fig.80 (€)Copper concentrations of Epsilon 5 vs. SEA1100. (f)Zinc concentrations of Epsilon 5 vs.
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(continued)

228 ooooooo 38



0000 XO0ooooooooooooooooooooboooooobo

1)) Zr Epsilon5 vs SEA1100 k) Ba Epsilon5 vs SEA1100
350 = 1800 o
300 |{OFill N S 1600}-mFill
— 250}{A Sand or gravel < {‘2‘88 ["|ASand or gravel o
& 200 (@ Clay & 1000/- @ Clay .
o 150 f- % 800 PN
< 100|--- =! : 11 ST S -
25 pd £ 400 4.4 d—
$5% g 20 i
-600 -4002 -22(0 . (1) 200 400 0 200 400 600 800 1000 1200
r (mg/kg : Epsilong) Ba (mg/kg : EP5)
350
S 300
= 250 () Pb Epsilon5 vs SEA100
& 200 o 2120
= 150 = 100 o
£ <
% 100 o 800 o
g 50 ASand or gravel @ A
N 0 ® Clay o 600 A p
. D 400bmcd L OFill ]
0 50 100 150 200 250 300 i | ASand or gravel
Zr (mg/kg : Epsilon5) m £ i@ Clay 1

400 600 800 1000
Pb (mg/kg : Epsilon5)

= 300 \
S psol|OFill o
Fig.80 (j)Zirconium concentrations é 200}- ﬁf;:; or gravel go a
of Epsilon 5 vs. SEA1100. w 150 R
(k)Barium concentrations of E’) 100 N L s |
Epsilon 5 vs. SEA1100. < 50 ﬂ% ----------------
(lLead concentrations of 2 00 o 00 o 200
Epsilon 5 vs. SEA1100. Pb (mg/ke : Epsilons)

000000000000 Epsilon50000000000000Figs8 (e), (f), (9),
(h), (), (), (k), (LD

43000 0000000000X000000000DOO0O000O0DOO0OO0O0ODOO
oobooobooboooooXoboooooooooboobooboooooooo
gboboboboooooobobobmobobobooooobooboobon
gboboboooooobobonbo
ooboooboobooooboooboobooobooobbooboobooobooooo
gbobobomooboboboboooboobobobooooobooboobon
gboboboobobooboboooboboboboooboboboboobooboOobon
ooboooboooobooobooobboooooomoooooooooboooooo
gbobobooboooooobobobmobobobooooooboobon
000000 0000000000000 00U0000D00Doo0oooooo
ooboooobooobooobooobbooon

goooooo 38 229



(a)

20.00

0000XO0O000000000000000000000000000

Fe;04(SEA1100) vs S(EDX700HS)

~<15.00
[

10.00

OFill

ASand or gravel [

® Clay

Fe203 (%

5.00

0.00

A o fu]

0

50000

S (mg/keg)

100000 150000 200000 250000

Pb (mg/kg)
(=)
<
[
\

1.0

2.0

K(EDX700HS) vs Pb (SEA1100)
T 2 o
OFill ofo
| |ASand or gravel a0
®Clay = Dot
A
o
A
A
o
Py Py

3.0

K,0 (%)

4.0

(b)

1200

Ca(EDX700HS) vs Sr (SEA1100)

1000

I I
OFill

800

ASand or gravel| |

600

©® Clay

Sr (mg/kg)

400
200

0.0

(m] m]

10.0 12.0 14.0

Fig.90 (a)Plots of sulfur (EDS700HS)
versusiron (SEA1100) concen-
trations. (b)Plots of calcium
(EDS700HS) versus strontium
(SEA1100) concentrations.
(c)Plots of potassium (EDS
700HS) versus lead (SEA1100)
concentrations.

010000000000000000000000000000000000C0CO0
0000000000000000000XO00000000000 0O Figs9a), (b),
(DO000000D00000000000000000000O0XRF8000 Epsilon
5000000002500 0000000000000 Figs10(@),(b),( 00000

god

0000000000000 XO0000000000000EDX-700HSO00
0SEA11000 00000000FgY@I00000000000000000000
000000SF,0,00000000000000000000000000000
0000000000000 000MO00000000000000000000
00000000000000000000000000000000000000
00000000000000000000000MO000O00000000OO
00000000000000000000000000000MO000000
000000 XRF18000 0000 Epsilon50 00000000000000000
0000000 Fig10@)0

oboboooooOoooobooXooooooooooobooooEeDbX-7ooHs00 O
OD00000O0OSEAlIOO0 D OO0O0O0O0O0DORFgOOOOOODODODODODOs/CaOd O
0000000000000 ooooooooo0moDOo0000oOS/cao
ooo0o0o0oo0o0o0o0oo00o0oobOUOUm@oboDoObs/lccODOOOOOOO
O0000o0ooOoOooOoO0Epsion50000000000000O0ODODOOFg.10(b)]

230

ooooooo 38



0000 XO0ooooooooooooooooooooboooooobo

(a) Fe,O3(Epsilon5) vs S(XRF1800) (b) Ca vs Sr (Epsilon5)
14 350 :
5 USSR O S 300 .8 OFill
X 10§ %ﬂ 250 " ASand or gravel |-
S 8@, . £ 200 - oClay
£ oo @ go e *oFil 1 & 150 s i
4 &ﬁ """" ASand or gravel |” 100 {#)Ml o
288° ®Clay - 50 :
0 2 * 0 \T_'(
0 10000 20000 30000 40000 50000 0 05 \1_ 15 2 25 3 35
S (mg/kg) CaO (%)
160
140 3 "
2 120 LalRl o
(c) K vs Pb (EpsilonS) w100 y e
1000 % 80 = ADH -2
_ o [|mFill - % 60 |{OFill = -
% 700 .| ASand or gravel Ag- 40 | ASand or gravel
600 |- 8 Cl 20 g
E 500 = o oGy
2 3188 u 0 0.2 0.4 0.6 0.8 1
200 o Ca0 (%)
100 X
0 <1 Y A [ ]

0 05 115 2 25 3 35 4
K,0 (%)

gg _[aF ¥ iCow A A Fig.100 (a)Plots of sulfur (XRF1800)

3 40 |..|ASand or gravel oo i versusiron (Epsilon 5) concen-
g) 30 ® Clay N ‘ . trations. (b)Plots of calcium
= 2 V. : (Epsilon 5) versus strontium
10 ¢ (Epsilon 5) concentrations.

0 i (c)Plots of potassium (Epsilon

O o5 1 15 2 25 3 35 4 5) versus lead (Epsilon 5)

K>0 (%) concentrations.

0000000000000 XO00000000000000EDX-700HSO 00
O0SEA11000 0000000 0FgYQD 0000000000000 0000000
0000000000PWK,OOOODOOOOODO0O00O0OO0000000O00oO
000000000000 0MO00000000000000000000CO0
00000000000 000000000000000000000000000
000000000000000000000000000MM 000000 Epsion
50000000000000Fig.10(c)X

s.000o0o0on

ooboooboboobooobooXxoboooooobooboooooooboooboooo
gbobooboooooobobooboboboXboobooboooooobooboo
gbobooboobobooboXboooboobooboobobooo 20%0 100
Ooooooooooooooooooooboooobooooooboooboooo

goooooo 38 231



0000XO0O000000000000000000000000000

gbobooboboboboobooboboooo
oboobooobooooomooooooooooboooboobboooboooon
gbobooboobobobboobooboboboooboboXgoooooooboo
gbooooboboboobooboboboobooboboobooXoboooooo
oboboooboooobooooobobcoooooooooooooooooooobooon
gbhoooobobobobooobobon
gbobooooobobobobooboobooobobobomooboboboon
oo1msboooooooobpoosodon 260000000KAIS;O 000 2.560
gbobooooboboboboboo@obobobobooooobooboboon
gboXoboboboooooobobooooboobobobobob1o4an
oboooobooobooooooooobOoobobobooboooboobboooboogon
Xoooboboboiwosgoooboboobooooobobooooo
gbobooboobobooXobobobooooooboboooooooboo
oobooobooooboooobooooXooooooooooooooooooo
gbhoooboboboboobobobooboobobooooooboobobgoXxooo
gboboooboboobobooooobobobobobobobobobobobon
ooxXxgoboooboooooooooooooooooooooooooooXooo
gbobooooobooboboboooobooboobomoobobobooon
gooogo
boboooboobooobooooXxXxooooooooboooooooboooooboooo
gbhoboobobobbobobooboboboboboooboXoooooooboo
gboboboboboboooooooboboXgboboboboooobooo
obbooboooooooooooooobobOoXxoooooooooooooboo
gboboooooboboboboboo@mbobobobooooboobobon
gmooboobobobobobooooboobobobobooooboboboon
ooog
gbobooooobobobooooXbobobooooooboboboooo
gboboboooombobooboooboobobobobooboooboobobon
omooobooobooobooboooooooooooboooboobobooobooon
gboboooooboboboboooboboboooo
gboboboboboooooboboboboboboooooooXgooooo
gboooobobooboooboooboooboooboooboooboooooon 00000
gboboooboomobooooooboboboboooobooboboboooon

232 ooooooo 38



0000 XO0ooooooooooooooooooooboooooobo

gboboboobooboboobooboboboooboboboooobobon
ooboooboooooooboboioeocobbOOononoOonoOOo200000100 50
gboobobobooooboobmobobobobobooooooboobon
gbiiomioooboil1oooobooboboooobooboooboo1omubobogon
2ocmi0000000O0O0ODOO00O0O0C0O e00000000000000000
gbhmooobobobobooooobooboboboooo2000ooooooon
gbobooooboobobooooXgboooobobobooooobooboo
ooo

ooo
ooboooboobobooboooooobooobooobobocooooboooboooooo
ooooooooboooooooooooooobooobooon

oooo

1MO000000000000 000000053(2), 125 (2003).

200000000 000000000000000000X000000037,75(2006).

3IMO000000000000 000000 053(2),113(2003).

40 0000000000000000000000000000000000000005
000 100 0 2003.

5M0000000000000000000000000000000000000005
000 10000 I 2006.

ooooooo 38 233



