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The Geochemical Behaviour and Environmental Pollution of
Pb, Zn, Mn and Cd in Interstitial Waters and Sediments
from a Retention Pond along the A-71 Highway, France
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ABSTRACT : Retention ponds have been dug along some of the motorways in France to minimize environmental pol-
lution by keeping pollutants from spreading over the surrounding area. In order to study heavy metal pollution and di-
agenetic behaviour of sediments, eight core samples were collected from the bottom of a retention pond located along
the A-71 motorway in Sologne. The metal concentrations in interstitial waters and extractable metal concentrations in
sediment layers using sequential chemical extraction method were determined. The depth distributions of Pb, Zn and
Cd concentrations in interstitial water and particulate sediments were studied, and distribution coefficients (KD) were
also determined to investigate the environmental mobility of these elements. In addition, the index of geoaccumulation
and the Fe-normalized enrichment factor were calculated to differentiate the natural accumulation from the an-
thropogenic pollution. The vertical concentration profiles of heavy metals in core sediments indicate that surface en-
richments (0~2 cm) of Pb, Zn, Cd and organic carbon were always observed at each core sample, due to the early di-
agenesis. However, the major factor contributing to the accumulation of Cd at the sediment surface is attributed to the
dissolution of Cd from polluted roadside soil during periods of rainstorms and its subsequent redeposition on the sed-
iment surface after being carried to the retention pond. A comparison of the KD values indiactes that a decrease in the
KD values for Pb and Zn was observed with depth while KD values for Cd increase. According to the KD values, the
relative mobility of studied metals was determined as following : Mn>Zn>Cd>Pb, for the upper layer, and Mn>Cd>Zn>
Pb, for the lower layers.
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AAYY o] &, F& AALdos A3 A3ty 2
A FFe QAo HEH] e FI5Y
ol o3 FHQPEA Tt nEE2H L giEAlA
o z2¥le] B Axe AT w77k, R 2
ZHE 8% 9 /71847 534 (Pb, Zn, Cd) 2ol
&5 4t (Lee ¢ al., 1997).
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g e HA olFHE LFYEAS v RE T 2
olBsA el YA Fo2M LEEHo] FHEHH
2 s e AL IR FFogd). olF s de &
dE FREZEL st FHZE st vFES
22E 22ty WS B AAG e AYeEE 2

I AR FAE v FALEL 493 FAH e A
o] ohe} Ao E2stetA §7el ¥ (F pH, 23l

g7 W3}, o] 38t Eel W3l ligand type
B8 Bl 23 Z& Lalslo] T FAlo &8E| o)
ol AEF 2 AsH4e] 2ddo) €} (Davis, Leckie,
1978; Sigg et al., 1987; Carignan, Tessier, 1988). 18]
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8% HU<lo] At

EF o] HAFA dutH o2 Fas = vFFEe
A5 HAA (surface enrichment) #4873 Brto]
ofval @e@tdel EHABAME da <A Ut
(Filipek, Owen, 1979; Williams, 1992). o] v]&g49]
Fdsde HAEY E7e HER (sediment-water
interface)llql dojue 38t o Aslety wkg
(chemical & biochemical reactions)® #dg Aoz &
214 2tk (Lu, Chen, 1977). 354 ES 33 &4
AYd B3 Eo] HAE o|F f7|EA9 sz 4t
313 FPALE Fulsle 271&3E (early di-
agenesis)°ll 71918t A3 W v|FFEAdHo| =4
o §&50] F& £ JARLS il HYET B
o] Y2 e Aegr 424 Ut (Emerson
et al., 1984; Lapp, Balzer, 1993).

g, Aol F e AT Fvlol vild
2tE FEAE) HFANL FA L EYH HEES 2
A7l EOE Fa3 9ol =i Sl ofdfutel, 3
2 A5 FHEFol =% (knocking) 3-& BA|517]
e A718I9E . tetraethyl-& tetramethylleade! H718
AAIZ FAFLF ALgo] F7IHHA dEAFH 34
HA gD etz $fE g g ZaHz e A
o2 42A Ut (Salomons, Forstner, 1984). 12,
ol Zie 34 X ARJIEHET o] APAYAL
FHAG Z& 271543289 27 BEE AAAQ
W3 (natural accumulation)o] A3 R} 27t
9% e hute] RS A %At} (Cornwell, 1986). &
3] o] AL AT A Go] HAYAY, S| A
22 A% 6% FEo| oHYAH AlFF0t FHY-9} &}
FAFEHAET SEFF xol7t IR FEFE EAA
g0} At} B APl Zto|H Aol 23 v
AE A &35 7349) Ph, Zn, Cd, Mn 2 Fe g3 53
Bo] Zojo we} EMele AFazdHe] Sl w2
LolB3A A A5 FEELAMHNE Wiln 2]
&2 8o] FFE&e] EHFA VX IFE s}
2z 3o} =3, geoaccumulation indices E en-
richment factorg ©| &3t 2t v|nZgd g F5&
S 295R) % Sologne soil®} ¥l wale] 2t Qi
LR =E FEstA). A7l TelF s R 29
Sologne soil& A| 47] A|F2o2 Al AIAME 2 HE
Zo] wu ¥ A¥H< Sologne Formationol 3j2Ech
(Lee ef dl., 1997). 3, sequential extraction method
(Tessier et al., 1979)%} apparent distribution coef-
ficient (Kp)& °] 83l E A€ o|F HAHEA dojut

© 7 vEF&e4e] FdHQ oL (relative mo-
bility) & 4334}

AIZAS X SEHEN
AR x4

ZF2 2EdY (Orleans) % 20 kmAHQ “Les
Ardilleres” 299 A-71n4E2 gl HXE Ho|F
SMAE dpdidez JFsen oy sia e 2
ol Hd 90cm, Hol 500m® , ¥3) 460 m’o|x &F
B 108 L/min®] A ES57F fUd€n Ao} (Fig. 1). &
T717HE2F (1993/10-1995/12)0) E|RE EHEo] Fg
< 1380]1 35 < 16kgd] HAEZo| 4"z Ut
(1% 7, 1997).

A3 PVC pipe (Z°] 30 cm, W7 4.6 cm)E o] &3}
of ZtolRsAl A Antgol 2aalo) AA 4709 traps A
olo 474e] A1 FE HAlEH] F g/l] v AHAEE )
#Hardoh (Fig. D. Y AFHAEL 83 9 434
AN 2 -50°CE F4YZe | AlF=Fole] Ao ule}
5~9712 A Ant. 548 A 3t A=
ole A9 H AUlezolA BHon d4AReE ol &
gy HAES F42 pelsida 045ume] Nu-
clepore filter2 231}t pHEHS £33 5 FA A
Agd oz A edld WA T Rasic), oln £
H 1349 53348 Z2olsAH R A% o
Aee]l EAE F W] YEA B =RdMe 49
“apparent dissolved fraction”°|2} 3t} (Buffle ef dal.,
1995).
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Fig. 1. Location of core samples investigated in the re-
tention pond.
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F&, BEYHZ A, SAERE, BHE, 52 33
FE T4 3T AH, HA4EF 1€ A, e 4t
G329 ARAA Alolol] Futel el 2 EAste Aol
dutdolt}. a2z, HAEZFA EAste FF459 A
3}8td ZA38) (geochemical speciation)S 27]9g
B oz2 ©e sequential chemical extraction
methods7} AAIH A} (Tessier ef al., 1979; Kersten,
Forstner, 1986). 2]y o|H HiT Xejaol f3)
(selectivity)®} &2 (readsorption)®] EAHL I&
82 3%t (Kheboian, Bauer, 1987; Tipping et dl.,
1985; Rapin ef al., 1986; Belzile e al., 1989). £3&£&
HH A K= YAIEHA 220z JHZE 2 F A
o EHES FRE 4L ditdos nj$ g
o] ¥7] wlEo MelH oz Azl HAE Fo &
Aste FF50 A3 EAYEE Fas] 7o
7lE gk

2 AT e TolFsadoA e EREAE,
vl 4 E A&, Sologne soildll i3t AAZQ A1} zt
AgmolA e F3&9 A38AQd ZAdEHE v =
Aoz 1g9] A8E 3k sequential extraction
methods (Tessier et al., 1979)& ©]-&3l B35l on
AP S aorsld o e

~fraction FI : “exchangeable’; 1M MgCl,, pH7,

~fraction FII : "bound to carbonate’, 1M CHsCOONa,
HOAcZ pH5 %24, 5117,

—fraction FIII: “bound to amorphous Fe, Mn hy-
droxides’, 0.04M NH,OHHCI+25% HOAc, pH2,
96°C, 6*A13%,

~fraction FIV : "bound to organic matters and sul-
fides', 30% H,0.+0.02M HNO, 85°C, 5A13%, 3.2
M NH,0Ac+20% HNOs, 30%,

—fraction FV: ‘residual’, HNOs+HCIO, %, 6N
HCl, 30&.

HeraFEA-2 sequential extraction methodsZ £4
& A7} (fraction FIelA fraction FVel & A} vl
31719930 fraction FVel 22 wylo 2 BAsiqc) A%
FEA A9} sequential extraction methodse] &7}
o 22pA9E ok 10%ATH (Lee, 1996).

s#7121
HAE% EY 3 vagadn frldrgde

LECO CS225%8 °| &3l 2M3lder frldrgae
AEE gatez A3l gadBES AAT ) B4

st Alge] FE8H A& PHILIPS PW/1050 dif -
fractometer (Cu Ka)& ©] 83l #3313t E%, ¥
HE 2 AE9) FF5FL polarized Zeeman back-
ground correction device?t €l Atomic Absorption
Spectrophotometer (HITACHI Z-8100)& o] &&tth.
A549 HA8e 335YFS 24T v 3¢ =
<2 graphite furnaceZ #A3l5low ojd, izt 9 He
air-acethylene flame 3 o 2 BA3lgc) i} sl g
©] analytical sensitivity: ZtZ} 2 ppb, 0.2 ppbe] 3L o},
Bt 2 A2 7z} 5 pph, 20 ppb, 50 ppbelth. AREE A]
oFZ analytical grade (Prolabo =% Merck) {1,
AAS £4A] A4-9 Ph, Zn, Cd, Fe, Mn®} standard me-
tal solution& 1,000 ppm stock solution (Merck)S 34
ate] AbgEch o248 ArYd Milli-Q Mil-
lipore system (Type 1)& A EA2H o Al&-38l9ic)

4 I
FEEH At

v nZAEHES] FAFEL RFEHE  (o]HF,
1997)3% 93y 2 YEFEI Mgog FAFYL
W BAEFEZ FHo] Utk HEBEL kaolinite,
montmorillonite, illite -]t} A]FHo} FHR (0~2
cm) HA AT waiAo] XRDE BEE o )¢
APRFAE R EL BEHR) gkl

wIEd

5289 #718893L Zolol e} Table 1) Fe)
#7184 B39 BAgFL Foldl o
% HUAOR pase o] Ahe 47182 e

Table 1. Summary of mean contents of organic and inor-
ganic carbon, total N and total S in 8 core sediments from
a retention pond.

Particulate Total Total Total
Depth  organic inorganic nitrogen sulfur
carbon (%) carbon (%) (%) (%)
0~2cm 25 0.22 0.49 0.18
2~4 cm 2.0 ? 0.37 0.22
4~6 cm 13 <0.01 0.36 0.28
6~8 cm 12 <0.01 0.22 0.12
8~12 cm 0.8 <0.01 0.12 0.06
12~16 cm 0.6 <0.01 0.04 0.01
>16 cm 0.3 <0.01 0.01 0.01
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Table 2. Average of dissolved trace metal concentrations in interstitial water of core samples.

Depth pH Pb (nmole/L) Zn (nmole/L) Cd (nmole¢/L)  Mn (umole/L)  Fe (umole/L)
P12 (2)*
Overlying water 7.5 14.3 229 1.6 1.0 1.2
0-2cm 6.3 311 382 26 85.8 148.4
2-4cm 74 149 566 25 252 55.7
4-6cm 72 143 229 1.1 188 46.5
6-8cm 72 32 566 1.2 12.6 23.8
8-12cm 7.2 09 489 1.1 11.8 275
12-16cm 74 0.2 275 0.5 10.1 159
P23 (2)*, P34 (2)* and P40 (2)*
Overlying water 7.5 15.9 469 54 35 1.0
0-2cm 7.1 10.1 449 1.2 17.6 50.0
2-4cm 72 82 301 11 17.0 47.6
4-6cm 72 2.6 234 04 137 383
6-8cm 71 25 199 0.3 115 46.5
8-12cm 7.1 47 234 0.7 i15 493
12-16cm 72 36 199 0.5 12.7 423

* number of samples

7} #Aso] it} HA 5] F3EHFL A FH0}
AAMRE 6cm7HA] F71etH 2% o] Zadle
TR ol Ae 215 LT BEd
9] 4+3}zat8-9] ZAatolet (Henrichs, 1993).
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HAH BN F2E 3o L9 vFES da
pHat& Table 20 Feldtth. H5429] pHEtS AlF=
ofe] Zolo wte} ®isly} AR ARt A|FFo} EHY
(0~2 cm)ollX AHE 2549 pHEEE overlying wa-
tere] pHEtET} ozt W& Ao Qltt dutdoz 7=
o] BE FE£¥FE ABAFH R0 AdHglol HAE
o] Zojoll wpe} ke Aol gtk

532 P23, P34, P40 (Fig. 1)9] A% =5 &9 89
2 (0~2cm)ellH AHE T FFETFol over-
lying water®] ZHrt} wow| F
(downward diffusion)e] doid Ho2 o} to]
39 |l AFE HAE PI2AR (AHZRY
A9 A4, A8 FTARAA AFE B2 F
B48eko] overlying watere] REt} Fov old wa}t
A syt AP AF5e] FFELAT) ov-
erlying water2 ¥4t 7102 Bl o9} {418 2
7t ke AHdstE S5 Ui B8 A7AT
oA FAE AT} (Tessier ef al., 1985, 1989). o] 72
ol o)&pA, HAEL Ao SaE vIRYLE AAS

djs
A
flo
o
-z
il
]
2

€ Aol AT A3t AN E £AE 2
A7lE #8499l Ha lda i

HAE ¥HYY 1F4F FY 909 FFe ov-
erlying waterel] H)3] wj¢ ¥& ) ol& HAZ3 B3
o] AERoIAM AAME A, FHNEY 43 B R
o2 AlgEch

DiDZEIN B SISEEHE
TRy

AlFRole] ZHoldl ©tE HAES AFFRNEARE
K452 &3 Sologne soil} Bl wated Table 30 Aelst
At

A g FUE (0~2cm)olAd o, o1d 2 H=EF
2o BHFIEdo] BEEHNLH (Fig. 2) AlFEAR
(0~2cm)el g3} ofdgEe Zo|FEAANA AW
SHEHEH A9 T3t (Table 3). ¥bddl], #-48
AET Sologne soild] FI=E8#H3 vlmshd &2 &9
AR Fl=gEo] Wl § gor] A-7InEERH 2
e EYl B Fl=gTF (2F 270 pg/p) RokE Eo}
(Lee et al., 1997). E|AE<] o]0 W& o] At B
FFEE A ol § FARE W ol EX RN H
A9 Zold wat YAHog Zhrdin Wit} $71E
A e EXTLE oldF o - fALSIT} (Fig. 2). Al
FHEHE ol (2~16 cm)lN e FI=F3FL 0.03~
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Table 3. Mean concentrations of trace metals and TOC in core sediments from different depth in comparison with those in

settling particles and soils of Sologne, France.

Soil of Settling core sediments (8)*
Element Sologne particles
(12)* 32)* 0~2cm 2~4 cm 4~6 cm 6~8cm  812cm  12~16cm  >16cm
Pb (ugg/g) 24 55 57 52 53 51 48 42 24
Zn (ug/g) 34 141 130 96 86 72 62 48 29
Cd (ug/g) 0.05 0.39 3.99 0.74 047 0.17 0.14 0.09 0.04
Mn (ug/g) 75 682 192 176 141 126 101 84 45
Fe (mg/g) 79 20.97 20.49 1834 19.60 18.27 15.31 16.60 10.58
TOC (%) 0.56 3.87 2.53 2.04 1.62 1.15 0.84 0.62 0.08

* number of samples

0.79 ng/ge 2 F43] ozl on ¥glZo] vlwA )},

gHH, Table 3ol 9 2o], RE 433E 16cme] st
HAE AFdA Zz] Rolxle Ado] gled Sol-
ogne soil®] S48 FAISE o ARE AR A
FHE 16 cm ©]3HE = Sologne soil?] Ae2 FA 9
ok 28iEg, TelsiAdel dAE ¥ A7t < 16cem

o] §l48o] B39 Aoy Algdr}. o] FHghe 7lo)
BEA Lol HXE trapsE o] &3l I LREHE
o ¥& ZAZ AL HEEE (05cm/d)E oS
Z #olt} (Lee ef al., 1997). o|& Zho|HEA) o) &2
H 28 AMER DA 41 FE A e
W 1452 A4 Z7ld FUdE HH B o] wf ¢
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o 10 20 30 40 50 60 70 o 20 40 60 30 100 120 140
o °
~ -~
g g
Y RS
a A .
8 8
Cd (ng/g) Mn (ng/g)
[} 05 1 15 2 25 3 35 4 45 s 0 20 40 60 30 100 120 140 150 120 200
o g r -
-~ —_—
B B
E - s.
'*E_ ] -‘E. B
o ")
e, e,
] 8
Fe (mg/g) POC (%)
4 s 10 15 2 25 o 0s 1 (B3 2 25 3
o o
S —_
g E
E . S .
< £
a2 e =
] o
A . A .
8 R

Fig. 2. Depth profiles of the average metal concentrations (Pb, Zn, Cd, Mn and Fe) and particulate organic carbon content for

core samples (P23, P34 and P40).
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Sequential extraction Zii}

zt A F30}l HARY FI3E&YA Ay A
HE 7937l 9980 sequential extraction method
(Tessier ef al., 1979)F ol &3led BAdAom AARE
Table 4 8.oF3t%ict.

=1

NZEZot EAEd THE de dtdez A%
S22 ) E5E fraction FV7F 88 g gutal 4&E
stz glom A FatEel o 35~60%F A At dE
$-83}1E fraction FIII®) Ge F BiAZ Fashy (R
A gkl 20~44%) 2 WA E fractions FII (AR
Warel 14%)¢ FIVA| vl2d 2 Hl&2 £t

4

.?L

2o nEe2doA AT 29€ EYF (roadside
soi)oll A @R fraction FII9) FFEFu|&o| AA) @
gk} 34% (Lee, Touray, 1997)2 vi-%- 319 Aol H]
a4 A YolArh

ofed

oldde] Fg8 gwkale | 2ol fraction FVolw] HA|
ofAgtake] 30~65%% A ¥t} Fraction FIIIZF A
oldgtakel 13~47%2 A& 2M fraction FV o2
2 283 fraction FlIE AA| ol 5-27%% At
A g}, $H, AA o}AdgF F fractions FII FlIIo 4
HHE o}l e olol me} HAdie Hold mE HA o}
Agdeke] o) oo 7]QIFHch.

lEs
HHg FHY (0~2cm)9] A4, Fl=ge] gL

Table 4. Mean concentrations of trace metals, Mn and Fe within different fractions of core sediment samples.

Element Fractions 0~2 cm 2~4 cm 4~6 cm 6~8 cm 8~12 cm 12~16 cm >16 cm
Pb (ug/g) Fl 14 1.0 1.2 13 14 1.6 14
FII 83 7.2 7.6 5.7 72 5.6 37
F I 222 18.3 17.4 16.8 152 13.8 6.9
FIV 23 2.1 1.6 1.8 32 2.5 23
FV 232 23.2 25.1 25.8 21.8 19.8 12.8
sum 57.4 51.8 52.9 51.4 48.8 433 27.1
Zn (ug/g) FI 33 2.4 2.1 11 1.0 1.1 0.7
FII 30.5 20.7 16.6 11.4 85 42 24
FIll 454 30.2 22.7 19.0 129 113 58
FIV 55 45 42 35 32 2.7 1.8
FV 45 38.7 40.7 373 36.2 339 21.6
sum 129.7 96.5 86.3 723 61.8 532 323
Cd (ug/g) Fl 1.50 0.10 0.06 0.01 0.01 0.01 <0.01
FII 1.89 0.22 023 0.08 0.08 0.05 0.02
FIIL 0.55 0.13 0.07 0.04 0.03 0.02 0.01
FIV 0.04 0.02 0.01 0.01 0.01 0.01 0.01
FV 0.01 0.01 0.01 0.01 0.01 0.01 0.01
sum 3.99 0.48 0.38 0.15 0.14 0.10 0.05
Mn (ug/g) Fl 71 71 53 44 35 21 13
Fll 52 44 31 28 20 22 11
FIlI 33 26 20 20 13 19 10
FIV 8 8 8 7 4 5 2
FV 29 27 29 27 25 25 17
sum 193 176 141 126 97 92 53
Fe (mg/g) Fl <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
FlI 0.40 027 0.31 0.15 0.24 0.17 0.09
FIII 442 387 348 3.23 3.10 318 1.92
FIV 0.02 0.02 0.03 0.01 0.26 0.18 0.12
FV 15.65 14.19 15.79 14.89 11.75 13.27 8.45
sum 20.49 18.35 19.61 18.28 15.35 16.80 10.58
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fraction FII (AA] 7l=8-2] 25~68%)9} FI (A4 #aF
9] 21~52%)°l ket 1322 AN Fl=go] 82~
90%7} MgClL%+ NaOAcE FZo] 7Hed FI=Fo2A
1345) 2] e Bl A Zoll A& fractions FI# FIIZ} =&
& guksted Qo] ¢ F8¥ &S @95t drke
A& A A jc

a2t

gutd oz w7k Fractions FI (MA] g71gade
33~55%), FII (A4 Bi3hake] 18~31%) R FIII (MA)
zrgtatel 12~18%)% $-uts o] fractionslA 4t
25e YA FL AFFo) Zold wet Fidhe B
o] A& whAo] FAGFET FulslE Y] FFe
3171 o] Zolel Wt fraction FVe ¥]3o] FHoz
EolAt} (WA Pzietade] o 5%01A 18%2 71,

|

229 Zold Augle]l A& dWER FAFRE
(fraction FV)3} ts]o] Atz (Ax e 764~
81.5%). Bl 8 & FHY o Agako] vieksiA FE Aol
2] & o]+ fraction FIIINA HgHafo] F71€ W&
o]t}

E 9
nigaao) AiEel 0S4

Harrison ef al. (1981)2 YUWIH 22 sequential ex-
traction method®] extraction sequence®] <Al wa}
249 mobility7t ZA¥tin stk 2222 Table
49) A3 2AZ 3E YT Flefol P o FA ol
£t} : Mn>Cd>Zn>Pb>Fe.

g4, 34l Sl 5T HABY] &R
o] BAZ distribution coefficient [K, (L/g)12 E&
& & Uk

an[M]S/[M]L(L/g)

714, [MIs} [M].& Z2 3 E (mole/g)? =
F (mole/L)8 3&£TFE Jebdvh 23,
“dissolved species ol Z20|=g Td}: ouz
Ko “apparent distribution coefficient’ 23 % 2]sjo}
o} @t} E&, 0.45 pm Nuclepore filter2 «i3t€ =
Foll Ao FRolsA AR EAF AL nelst
o Aol g Kp g2 A=A &%k (Buffle o dl.,

Table 5. The mean of KD (L/g) values in core samples
from a retention pond

Depth Pb Zn Cd Mn
0~2cm 1.42 0.70 131 -0.87
2~4 cm 144 0.62 0.66 -0.77
4~6 cm 1.97 0.76 1.02 -0.77
6~8 cm 2.10 0.62 0.59 -0.71
8~12cm 1.96 055 0.20 -0.82
12~16 cm 230 0.55 0.36 -0.85
1995).

AHE HAB s AL BT Kot Table 500
Aelstgch. B3he) Kpgtel 7H #stEol A& o ol
B2 87 54kl Hyol mE AL Au)diy g 2
o] Kpdtel 97t & AL HAER AFFAl0l9] B
o] o ¢ =AY FEAA FP A zAUHe &
e AEHE Aridhe Aoz 4.

AlF Zolo wte} ol Ft=EY] B Kok T
st Aol sl whdd ¥e) B Kot 371t &
olo] & FAQ o)FEE TEH 2k

0~6 ¢cm : Mn>Zn>Cd>Pb,
6~16 cm : Mn>Cd>Zn>Pb

1} ojiel BHEE
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N “f o
g 3
st 3
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e w o ° B o] uu
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Fig. 3. Correlations between particulate organic carbon con-
tent in sediments (%) and dissolved Pb, Zn, Cd and Mn
(ug/g) in interstitial waters.
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Fig. 4. Correlations of Pb and Zn in the fraction FIV with
particulate organic carbon content (%) in the settling par-
ticles and core sediments.

2 ZALE phdle FUBEIYC] FFEHUY
(Table 3). °l& Z7|1&4FL0o2 §7|1849 4tz
3 olo] dojid AstFE] BYFLo 2 o] 23tE F&
Y27t 355 Bilod Ha3e FARE GAso] §
AE (0~2cm)dll 2153 E ZAAE D} (Emer-
son et al., 1984; Lapp, Balzer, 1993). 4 &9 §7|&
A, AL R fEe ¢S 2P 492 vd gHEH
FRtE f71RAs}t AAaFe AlFold uet ¥AA
o2 Fidhe g FidtA B (Table 1)
e FFH 15559 498 0 FES (F, ok,
I=E 2 93D FFIe ABWAE %o AauAs)
ZA3 (Fig. 3). =3, #7183 ke 348 A4
2.2 23771 fraction FIVOlX &31€ F3} oligtars
HAEY §71839 dFE vlad A3}, o|E Aol
%o FL& ARTFAE 23 I} (Fig. 4). 0|8 Ans
FHEAE0] HAEE ¥ f71839 Askzgoz Q)
F&ol o] Lol LalsE RS A A E,

g4, sl 2 F5EEdA AH G S5 HE B
vFES FFAT 3, HA B A JER
ko 2 olgE 7MA (Fe*)o] £A1Z £3) o]Ed A
&0l o8] HAE 2he] HE2R (sediment-water in-
terface)ollA] Atslelo] 2718 (Fe™)2 JRHE Aoz
2l x 9t} (Gobeil ef al., 1987; Lapp, Balzer, 1993).
AFd AFZol EHAHEE sequential extraction
method (Tessier ef al., 1979)2 B3 JEo] $AE Y
& 249 (Fig. 5), fraction FIlIz} 3t w)&k 23243
B}l FRE Ago] Fsth F, old, ¢ 2L S=F

Pb, fraction ITI (ng/g) Zn, fraction III (ng/g)
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Fig. 8. Depth profiles of the average metal concentrations (Pb, Zn, Cd and Mn) in the fraction FIIL
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59 F344d40 FAFIEYL non-detrital frac-
tiong! fractions FII @ FIIIS} seube §Heke) Z7}o) 7]
Q€ Aoltt (Fig. 5). &, Fig. 69419} o] FIIlolA|
€29 93 2L S $2 Fo FawAs 2y
fractions FII¢} FIIIolA] 83 ofdx} wzhghe} Alo]o)
T uls £ Ao ABWAE 22 Ut o] A 4]
B3] 331347 vlio] Ha} Y7t AgEe g4z
g0l HHE7 7 HAd vjFFL Ao)F ¢ B
£ Ak JEL vz giche AL g 99,
o] Adte @3 A, oA Pk AbololE M Z thE A3}
ol e AL AAFTh (Li, 1982; Bertin, Bourg,
1995). ol HA 39 4% HololA A YzhitaB2
o] #dFgoz oj2sid A} Pilo] v FE&UA
o} @7 HA %0 FHRE =25 E B FatolEHo]
HAET B FEHNA ()N EZ JAHA, 2

30 1
= at
— A, A
Rz 20 4 ““

3 [“
2 ATa a
8. 101
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Fig. 6. Correlations between Pb/Fe and Zn/Mn in the frac-
tion F IIL.

27 JAHE N3G B 93 NF5F FEEAAR) F
Z5 A (Jenne, 1968) E& FAIREE THFAAE
o] Fa4o] FUEHE Ao FPH)

=g HEHEH

FI=g9] FARY P4 B3 ol 2 AlF3o}
EHROA AT A JI=F ko] o] B A
AoA AT FHEAEET I0MAE o9 (Table
3) sequential extraction methodZ EA4% A7} (Table
)l 9314 fractions FII$ FIolA 7l=gdtako) 24
Z7HE Aol 710314} o] & A9E] 98 Oe 37k
7Hd & A3l

L #2d ZolFs e fUs e B HEREY Jl=
ol 343 Z7td B¢

2. 271543822 s RHEH A &aE 7}
ZEo] 348 3l HH 8 AR2 o)FHo €
A$

3. IS He Adhe HEQ sz ogd
EF (o]HT, 19970014 £81€ Fl=Fo] HET &7
ol &3t€ JHZ Tl A fUso] XRE AR
F=o] AHE A 5o] Uk

AF71E B (1993, 10~1995. 12) 2o 3FA| Aol A
HHE FREH ] Jl=g FFe P4 1 ppmolstE
3ke] Zo] =R %¥7] (0.14~0.9 pg/g : Lee, 1996) u] Foi]
A 4A 7 molA AL 4 AUtk F HA 71
A%, #7143 st 7l=F & (Fraction FIV)o]
AR e Bl&S AAFF via) B3 1~7%2A4 (o]H
T, 1997) 7182 FIEES ol A7) E Fe2ulkate] o
&2 32 Ring AsluBEn ELE Fio) v o
Aol 3 e 2 FHE ALY SRS AP 8§
H2 459 Aoz #4959 1 A7 fractions FI7}
FIlo| rtele Ft=gdtdol AAle) oF 60~85%F A4
gk v, F A 7P 271548 4S 59 AR A
A FHPYRO 2 A|FFel FAR (0~2cm) HHE
T 399 ug/gldt FREXE (e 0.39 ng/pd 7l 8 &
Falo| & AHsly] B3EHER FI=ES oAl o}
£ 891e2 N Wix 7Mdo] Pasign).

wehA, 0 A9 =29 £ Flefo] AL e
vl ko] HFZo) 25 o] o] 239 AN B} &
Al ol F Ao R =S 7H5 A 0] o) ¢ ). 19
U, A28t ARE AEFA R SleBERe 2
A Aol olahd Jlegegol o) g R (BEF 0.73
ug/L) kel Wzlyl Ax e Aoz Jehgrh (o]
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T, 1997). ©] AREL vl A7l AHY A 2Q7)
HE $7lol HEe o8 FUE =BT dE3}
€ Ao| ot} Lee, Touray (1997)8) Aol o3},
W& pH 6.5% pH 5914 ©A] 1%0| 3} Tro] 43l¥ 31 o}
AL 7zt 6% 37%7t £2€ A Jl=ge Ze
pHAlA Z+Z} 12.7%%} 70%7} &ailo] o] &3} =t
ut2hr, FFEgo] o9 T2W EQe ofik] HEd|
L3 =] WER 7 to|HA M FUE F RRE
Aol o3 Fitso] HAE Aoz FHHE) £§h o] 2
FE BH 29 =2 o] Jl= R ¢ o}
Aol AsHA LEHULoE B8 (o]H T, 1997) 3+
o|F Al EHE HAZL Y3 ojde] eFHA &
3 7tEge] S HE A AYE & ) dAg, dF
W A-71nEE2 oHY E%o 7l=F ek g
2.70 pg/gelA o™ AA Ft=gdtEe] o 52%7 283
o] o5} fraction FI®} FIOIA £3lslo] Jlemg o3
A& ME A oledlEold Aoz FA"C
(Harrison ef al.,, 1981). 959 n&T2eA A3 g ¥l
€9 pH#L 2.6~8.048t} (Harrison, Wilson, 1985;
Bellinger e al., 1982).

DIRAEINES] 2 HI}

HAEA #2E |, old € Jl=ge EUE3 @

dol RAEHEZ 498 F £484S B s0€ &
AW F& n&x 2o AFAEYd s oprlg
UAAQ] 2AAANE HES} ] Y3 index of geoac-
cumulation®} enrichment factorZ o] &3t ch.
" Index of geoaccumulation : Index of gecaccumulation
(Igeo)< Muller (1979)ell o&l A=Y on e A E
o] AR =E HrRsl] Yol ®ol o &=t (Kemp ¢
dl., 1976). Igeo= T3 Zo] Feojgrh

Igeo=log. [(M)sample/1.5x (M)background]

o714 (M)sample2 =2¥ E%3 B RE|A8o F
&3aFoln} (M)background® Sologne soilE ©] 83l
o (0], 1997). #k 1.5 ©] Sologne soil?} lithologic
variation®l] tH3F B2 93 ¢l ]9 Arolr),

Enrichment factor

Enrichment factor®] A4S HH 29 Yr9} HEY
£9 &g o) opriE = vlFE & ko] WEE By
817) S8l Ag-Elo] gtom BE A Eo) AlF Fes} 2
< conservative element& ©]&3td AT} (Kemp

3

'_TL

et al., 1976; Helz, 1976). £ AF9lA enrichment fac-
tor (EF)& A7l 93l ZA 89 2433S Fedsd
o2 #F3} 3 5 Sologne soil2 XA 83Tt

EF=[M/Felsample/[M/Fe]background

olf, B ol AHE-E Ao e vwA o Fge
H A wolof e}t w1+ EF>10|¥ Sologne soilol ®] 3
L29€ AL 9njsln, EF<lo]d vl d® AL 9n|
gt

AMFot z A28 H A ZA AAE index of geoac-
cumulation®} enrichment factor t& Table 6l 8.9 3
iAo 2dd =23 ok Zlo|A A A 2
¥ FREAHE] Haae viwsiso

F3t oldell U3t Igeodte AlFZol 24 QololA] mF
10]3t2 class 19 = ol g3 oldol 25 2
A ¥& A& AA@) a3, =B A S, AF=
of EAE (0~2cm)e} HAE T Igeodte 542
very strongly polluted (class 6)2 FEE o] 7to]R 3}
Ao AHE HEREHE (class 3) BOT A8 2
HEo dery AlF o] ¢ 6em7tA L.FGo) A Ho]
At} (Table 6).

Enrichment Factor #t& ZESNRWA, Table 63} 2
o] FFERET HA B FFHALE Sologne soilol
Hlg) grgo] ¥& o] Aoy} Ph, Zn¥tikel 2717}
Fe@t 3ol 2719t e 252 APLUckes AL on)
gch Wl Cdo) 3% 0~2cm #7 EHES BF
EF #&& 16.82 Pb, ZnT= 2 7to|F 3 A9l B3
£ CdR g2 oA e A3 433] A=Y
AE ouigt) 2222, Igeodt EFELE 242

e, gt olde] gl n&E RN AFA

L
p—

Table 6. Mean values of enrichment factors (EF) and in-
dices of geoaccumulation (Igeo) in core sediments with
depth in comparison with those found in roadside soil and
settling particles.

Pb Zn Cd

Sample
Igeo EF Igeo EF Igeo EF
roadside soil 51 118 56 169 49 88
settling particles 0.6 06 15 12 22 1.9
0~2 cm 07 05 13 09 54 168
2~4 cm 65 05 09 07 31 34
4~6 cm 05 05 08 06 23 1.6
6~8 cm 05 06 04 06 11 07
8~12 cm 04 07 02 06 08 08
12~16 cm 03 06 <01 05 04 06
<16 cm 06 05 -08 05 -08 07
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Tdo 7A€ edelalnte 27443 8S B3
AAHA FHE 710" Rolth, ¥, Sl=Bo §
HedEde AdaE Ao s 4udg 4 glo
o 24E3F B3l BE AHAHA eHo 71" AL 9
u] g},

AEEZA ZAFAALL S g3 ob18 § gle 7t
o|FSAEY A E 5o Belstat W3 (53, pHW )
ol ;& W= Cde o) oz NES 2
ZES 0¥ E oM Aoz dadn agoz g3
2 A3 &€ F3458 AAH e e 5 9]
= 74 he“] DA A #AGo] Walste wha} 23}
£2do| & % it} (Lee, Touray, 1997).

29 A AHE

ol g eA el EHE E4EA 80| HAY o|F u
FEEELd A3ed Y& Aty AUA o)F

=€ 2R3 A8l 220l A 2F gAle] AT
HHES 55 A 8E A

Zh Zlold 359 §HE |, ol Jl g, Wt 2
AEFE 24T 2, $4F L5 ols Fodase
M2 o& A3 YPFL 2BAth AlF 0} AR
oldg T HAEY olo wa} Polxoz iy
B3t 71820 Fapasiel of ¢ fAbeic) HAE 3
B3 AEFE 93 Aol ¥y} 2] gow o)
16cm ©] ¥ 72p7) 4o} @i 3 4 ojdn} grhe
A2 58 3513 S Bol 1 9t}

AlFEol EHE (0~2cm)9] 4, oA 2 F=gate
o] & ol vja} v} & FREYHA o] BAEQY
o g3 old e HHEo] HHY F 2744780 9
3 71829 Aslagn Ayt (5)As B8] ez}

< B oleslE ¥ F+E 5 gAY 239
HEFZ olFH FHHNUL. 7l=F9) e ©
A &L og= Aol B ZHa kAl o] AA
vl oja) LalE Fh=go] o] 23td AEi 2 HET &
ol B galdel Fesol RREAHE s Fals)of
FAAAE A2z YzHen). o] Ao index of geoac-
cumulation®} enrichment factorg o] &3t B4 2
Ttot A gt ajug, A4 oA de) o
& Fh=gTo] AZsHl 2gHe] glon gAge sl
LY L oA Zelalets st (pH, Eh, &
E 9 AstadaR)e] wet 5o 4Rid odd
7tEFo] &30} oz fUHE AAFE 294
2 5 de FAHA egdolh.

Al AL

dne) oluPE AN AEA 7 FIALAT
28] QR wAPdA Zol A=Y,

A28

o] (1997) THX A-71NET2H E9y} ReE A8
F55 A% € 29T, EYR7, 29, p. 21-34.
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