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The Environmental Pollution and Geochemical Behavior of
Heavy Metals in Roadside Soil and Settling Particles from
Retention Pond on A-71 Motorway, France

Pyeong-Koo Lee

Dept. of Environmental Geology, Korea Institute of Geology, Mining & Materials

ABSTRACT

Retention ponds have been dug along some of the motorways in France to minimize environmental
pollution by preventing pollutants from spreading over the surrounding area. A series of studies have
been conducted to determine the physicochemical characteristics of the particles settling down in such
a pond to evaluate the effectiveness of the pond as a trap for heavy metals such as Pb, Zn and Cd.
The highly contaminated roadside soil and the uncontaminated background soil were also studied for
comparison. The settling particles exhibited heavy metal concentrations of 2 to 8 times as much as the
background Sologne soil, depending on the metal species. However, the heavy metal concentrations in
the roadside soil were 7 to 26 times higher than those in the settling particles. Sequential extraction
experiments illustrated that the highly contaminated roadside soil consisted mainly of the readily
soluble fractions (FII, FIII and FIV) for all three heavy metals, but little FV which is hardly soluble.
The proportion of FV considerably increased up to one third of the total in the settling particles for Pb
and Zn. This result as well as the large concentration differences between the roadside soil and the
settling particles indicates that most of the heavy metals were lost to the surroundings even before
reaching the retention pond. Cd exhibited somewhat different behavior in that the most soluble FI,
which is negligible for Pb and Zn, occupied as much as one fourth of the total in the roadside soil. In
addition, FV for Cd did not increase in the settling particles.
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Fig. 1. Localization of the studied retention pond
on the A-71 Motorway at Les Ardilleres,
Sologne France.
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23 Sequential Extraction Method

Eg3 HHE g7E 3452 48 14
st sl ik ol Bol, F3E9 =
Adde FEERY 3, FEFHE P4, @
NABE, VBE, T PAYE 53} FF

327, 3 EF eSS 2, 718 TR E
o] YALH A} Atole)) ertd AEHIZ EAlSHE A
o] grtAo|t}t. 1 BR, HAEF EAlshe
2349 A3 ZA4H  (geochemical
speciation)S Y719% EXubie=z we
sequential chemical extraction methods7} #| A 5]
QM. a2t ojm WhE MEEQ 43
(selectivity)9} AF2 (readsorption)®] FA1H-&
FE3LR] I, 3, FIFEL )
A e dAREH F2ol= HHER E4)
g & lon HAEF e FE5S Y9
o vl§ o] By wEd dgFoz 3
Azl HHE Fol| EAdhe 389 A
315HE]) EAEE ol oH T

afol= EF3tal BA T el
Aol AHAED FREHE, EEHET,
Sologne soile] g A=A A7 7} A =e
Mg} Fasd AssEd ZAdYe Mag
EHoz 1go ARE FHaldo
extraction methods'”E o] &3l BAjslgon]
EAEE sokebd ot 2t

-fraction FI : “exchangeable” ; 1M MgCl,,
pH7,

-fraction FII :
CH,COONa, HOAcZ pH5 24, 57t

- fraction FIII :
Mn hydroxides”, 0.04M NH,OHHCI+25%
HOACc, pH2, 967C, 6X]3,

-fraction FIV : “bound to organic matters
and sulfides”, 30%H,0,+0.02M HNO,,
85C, 571z}, 3.2M NH,OAc-+20% HNO;,
30%,

- fraction FV : “residual”, HNO,+HCIO,, =
4k, 6N HCI, 30%. _

T, AgsFEA L sequential extraction
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“bound to carbonate’, 1M

“bound to amorphous Fe,
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Table 1. Summary of major results of tracer test.

retention pond sand filter
T1 (hours) 244 047
Vmax (m/h) 3481 85.71
T2 (hours) 3716 591.48
T3 (hours) 713 394
R (%) - 838 84.1
T4 (hours) 3635 11.75

T1 : times of first restitution, Vmax : velocity of
first restitution, T2 : duration of restitution, T3 :
times of transit, R : ratios of restitution of tracer,
T4 : mean duration of stay.
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Table 2. Mean concentration of anions and
dissolved heavy metals in the water of
the retention pond (sampling period :
25/05/1994~06/01/1996)

SM | CI (SO [NOS | Pb | Zn Cd

pH

mg/L)|(mg/L)|(mp/L)|(mg/L)| (1e/L) | (87L) | (ug/L)
EBD 741 {168 | 144 | 188 | 174 |02 | 449 | 073
SBD 783 (232 | 119 | 164 | 121 [ 059 | 445 035
SFS 723 | 63 | 109 [ 154 | 111 | 056 | 411 | 037

Lena
002 | 035 | 0005

(France)"”-

lfuted
e - f3~14 7~14 |007~025

Swiss river -

Drinking wate
Y les~o| - 200 [ 250 | s0 | s0 |s000] 5

(France)

Water Resource

(France)

EBD : entrance of retention pond ; SBD : output
of retention pond ; SFS : output of sand filter.

250 | 250 { 100 | 50 | 5000 5
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HQEHNEL silty chy2 288 4 it} 24
2R AFHE E2HNEYE JeiEMe 4
I}, S 2 EQRS silty sand 2 TEE Q).

13
& 61053
B 05113
o B 254
-~ 8 1
-y ﬁ O 2206%
34 0 10
< "T B omam
a 8 1055
> ® 1295

.

]

o

Pl 7] 1] P
Traps

Fig. 2. Sedimentation rates of each trap on the
different sampling date.

322 B4} BREA B 3EE5YT

E5EAE, Sologne soil, T2 EFS] HF
35S Table 39 st on Zatrol
EFe] H nFds & st =2
WESkS Pb, Zn, Cd o] nj$ =& Aol E
Zol] Sologne soilo] ®wadPHd Ztzk 61w,
85ull, 54u) ET} P2 A-71 DEERNA A
AW Z2NEGY FTIEFFS I79 dF
IEE2FN EGH 24X =2 Eqw)
FrAFEIE} (Table 3).

Table 3. Metal concentrations (mean values) in
settling particles, French soil, Sologne
soils, roadside soils compared to those
in street dust and roadside soils in

England.
Mean | Sologne | Semling | Roadside | Street | M1
Heavy | contents
in soils soils particles soils Dust |Motorway
Metals | e |(12 samples){(32 samples)|(® samples) England” | England™
1620~ | 895~
‘ 300 . J S
Pbiug/e) 240 sso | wseo | o T
975~ | 1760~
500 41 | 0
7n(ug/g) 340 1410 | 2861 w50 | 20
Cdug/g)| 05 0.05 039 272 | 46~81 ] 38~68

FREAHES HIFFFEEFS Sologne
SOlloﬂ ﬁ]ﬁ“ E}-_/‘\_ %X]E’l‘ ﬂ%go}oﬂ H]‘Z‘;}Eﬂ
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ufj-¢- t}(Table 3). 33, trap P1 (}o]F 3}A
Aol gyl B3 HHEF ke F
g&ol THE traps (P2, P3, P4)ol| ®|3] ¥]wA
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Table 4. Mean concentration of Pb, Zn and Cd in
setlling particles

ol T

Traps Pb (ug/e) Zn (vgfg) Cd (gfe)
21 622 1m3 038
P2 523 1319 0.33
P3 533 1214 034
P4 572 1623 034

323959 34
2} 1= FFE%EFE sequential extraction
method )& ol 83} EHsigon], oldNE
Table 59) BTt YA Ywr} o}
R Wt F3EFFE FlARed 58 9
% 20pm o]} A RXN Y FFEEFFE A F
7Htth. 2R ESRS] 2} Y FE58T
£ 245 8E7 Sologne soildl] ¥]3} vj$- Eo
B eE A ula] Pb SO, Zn 404, Cd
17 $t) E2UEds FR4dFe Rad
AL 98] 4% Aojd wE FIESHFY
Zpo17F vll-%- A1 @ <20pr) 8.8 Pb, Zn, Cd 3
Ze 400pm< @ <1600pm A 2.9} ¥ d o] z}kz}
s, 1889, 11.24) £ ¥ e

ojAdE YAEE fraction FIII 3L FIVAjXA
288 o] F/HE R 71dsH A=
20pmo)3te} YA} FLHRFEHE olFdhe
H 8% 9ES 993t Uit ¥4, g
T Auet gde E2AEGY] A5 M9 A4
o2 FAME sand size?] YENA|E Pb, Zn,
Cd gFo] =& A2 93 BH dAFERA
HEd AYNeANEE e FAHIAY T
TAAE Ao 71dgda AtaEch

Table 5. Distribution of metals in various particle
size groups of different soil samples

Pb (ugfg) Zn (igfg) Cd (ugfg) Mn (ugfg) Fe (mg/g)

Settling particles

400~ 1600 pm
200~400 pm
100~200 pm
40~100 pm
20~40 pm
<20 pm

9
10
17
29
24
73

6

7
27
49
47
168

0.03
0.04
0.05
0.07
0.08
030

1.14
1.63
501
6.66
4.60
19.36

12

]
4

Soil of Sologne

400~1600 pm
200~400 pm
100~200 pm
40~100 pm
20~40 pm
<20 pm

12
9
2
3
34
58

1
14
13
26
41
76

0.03
0.02
0.03
0.04
0.05
011

052
0.69
212
355
3385
16.4

11
57
120

391

Roadside soil

400~1600 pm
200~400 pm
100~200 pm
40~100 ym
20~40 pm
<20 pm

551

873
1101
1135
1131
2015

354
Bt
873
133
2367
6630

0.46
117
1.82
3
333
5.15

27
poxl
291
384
453
978

211
20.1
26.9
260
200
337

3.2.4 Sequential Extraction 21323}

B SE|AE, «2WEY, Sologne soilE )4}
L 2 sequential extraction method (Tessier et al.,
1979 ; fraction FI, FII, FlII, FIV, FV)Z& o] &3}
o BA3% AE Z} fraction® 2 Pb, Zn ¥ Cd
§FE Fig. 3o A 4 A&E S92



ZF2 AL aEE2H BT RHEHEY T34 A¥ € edd B9 97 29

ozt &t
(1P
T2 Egdre] Pbe] WEEES fractions

FIII, FII, FIVe] &4 2 8259 o fraction
FVolx 829 g0 &3 #i J&ae) o
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with Sologne soil and roadside soil.
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Table 6. Mean concentrations of metals in the soil
within Im from the A-71 motorway.

distance  Pb (ig/g) Zn (ip/s) Cd (ig/g) Mn (ugls) Fe (mglg)

0 cm 1302 2503 278 5T 2597
25 cm 1504 4023 3.07 499 21.69
50 an 127 1834 192 402 17.15
75 em 680 1048 115 k743 14.26
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