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Characteristics of Roadside Soils and Effects of pH and Time on
Their Leaching Behaviors of Pb, Zn, Cd and Mn

Pyeong-Koo Lee and Jae Ho Lee

ABSTRACT : The possibility of heavy metal pollution by contaminated roadside soils was studied under controlled con-
ditions. The soil samples from roadside and those from a retention pond consisting of settling particles were charac-
terized by the XRD analyses and the sequential extraction experiments. Characterization by sequential extraction, for
roadside soil, indicates elevated total concentrations of heavy metals (Pb: 1100~2000 pg/g; Zn: 2000~4600 pg/g; Cd:
2.2~3.2 ug/g). The leaching behavior of the samples under different pH and time conditions were also studied. Diff-
erences between both types of samples result mainly from the buffering effect of carbonates, present in roadside soils
and lacking from settling particles. Acid leaching of the settling particles is equivalent to the sum of FI+FII+FIII, while
the amounts leached from roadside soil are lower probably from kinetic reasons. The buffering effects of carbonates
were found to greatly delay the onset of the leaching reactions and the extent of dissolution in most metals except for
Ca and Mn. The study of leaching kinetics at pH of 6.5 and 5 showed that Cd and Zn reached the maximum possible
concentration within 3 days, while Pb did not show any sign of dissolution at both pH values. The absolute amounts of
dissolved Cd and Zn increased by 7 to 9 times by decreasing the pH from 6.5 to 5, indicating slightly acidified rain
may result in significant metal dissolution. As deduced from both sequential extraction and leaching experiments, the re-
lative mobility of heavy metals is found to be: Mn=Cd>Zn>>Pb > Fe, in spite of large differences in heavy metal
contents and localizations.

N OB

2ZWo| Byl wixoE gol 895~1604 pglg, otde
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1760~2020 pg/g, 231 7F=F°] 3.8~6.8 ug/g $rirsle]
ol FFEe] P3EE AR Aer dEA Yo
(Ellis and Revitt, 1982; Harrison et al., 1981).

v ESY AMEE EADeZN Bl o
g5 Ue FEEdLE] I v 3 oA &
FEo] AR L AFFE QFGAA FAL dEAT =
8 89lo] 53 9t} (Lee and Touray, 1997, 1998).
=, Eql FaE YA 5L solid particlesTh ukg
49 g4 EA%H ¢ A0 B3l 279 WA
8 B3 23 52 835 A FAd e8] |
T 2¥¥ HAES AR5 2 g 2349 oF
o] Fv} (Davis and Leckie, 1978; Sigg ef al., 1987;
Carignan and Tessier, 1988).
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A% E] M8yt SE4e AEYF vAE BF
& vetalr] glal kA (pH 6.5~5.0)8F L BEF}
o ¥ E Fohd 2849 A%S s B,
29 At vieksln BIEHEC] gle 24 HAE
(retention pondolA A E A8)o] g A7z} H|
WA

AlZAE U A
A2

Zga A7 DEHEE W 24E LYEFS ¥
2 z}7] ThE ZolM AR Scm Zol7HA] 9719 AR E A
stk odd =29 EY v|wsly] Y3 reten-
tion pond Y TFellA A 2709 F-HE A &L Ae3A
t} 24d=RA] ¥ background soile pondolA A4 7}
7 ZollA 2AE o] &3l 1 m7A] Tl AFE AA
god AF ). o] RGEHAEDN 22 LFGEY o
g 3% Ay 2 ego] #F AT ATE o
o) Z¥E ub gtk (o], oA, 1997 °|BF,
1997h; Lee et al., 1997a,b).
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E%3 HA B FRE 2452 o8 nAYAS &
wiglo] gith B Ao LB F3459 X35
Zol ZAZRE detsly] H8ll sequential extraction
methods (Tessier et dl., 1979)F ©]&3dta] £4319th.

~Fraction I : “exchangeable” ; 1M MgCl,, pH=7,

—Fraction II: "bound to carbonate’, 1M CH{COONa,
HOAc® pH=5 24, 5X7%,

—Fraction I : “bound to amorphous Fe, Mn hydro-
xides', 0.04M NH,OH - HCI+25%HOAc, pH=2,
96°C, 6X13F,

—Fraction IV : "bound to organic matters and sul-
fides", 30%H,0,+0.02M HNO,, 85°C, 517}, 3.2M
NH,OAc+20% HNOs, 30,

—Fraction V: “residual’, HNO;+HCIO,, &, 6N HCI,
30%.

Sequential extraction methods2 ¥43t 2= (Frac-
tion I9|A Fraction V& & A vimals] 98 A &
ZEAZ Fraction Vo} & Wos EMsIon o
332 Table 2004 Mt2 BAIstch A e s Az

9} sequential extraction methods®] Ao} vlm g A
LAY F 10%ATH (Lee, 1996).

=& HAEAE

PH 2&51}

A28 A" A8E 2 FFo|ch:pHA s ¢
24985 ¥ F It HEFEE I/ AE (229
QEEY AE:S20, $26)9 gl AR (FREHE) °f
t}. Zt A& 5 goll 294 (deionized water) 100 mlE ]
ZE 7)ol EFF H sludgeol] AAH4-AE HFslo 0~
100 mmole/L7} E| =2 &5t} Sludgz7t €91 & HE
& 8712 parafilmE o]&3t] Yol 371 & A | 4
2olA 24412 Bt A wnk & dAEVIE
o] gale] Agel & Ry, ©] 045 umol
Nuclepore filter2 oJ3}3}it}. 3@ &4 pHE &
2% 5 A2l el 248 AAE-

=3< & & kinetics

Ao ALLE A BE S16 (229 29€E ED) vt
A& 4 gF Eh4 200 miE 250 mief HIZE 87]4 &
gstg e, sludges] pHE autoburette ©]8-3td pH
6.59F 5.0+0.28 ZF&Rct (Fig. 1. pHE 242 29+
2 ke WEd oibule pHS ;s AR A
o} ¥hgAZ+e 1 h,2h, 4h, 80,2 h,48 h, 72 h, 96

e
HEEEEE s

Fig. 1. Schematic view of the experimental device; (1) ti-
trator; (2) autoburette; (3) burette; (4) reservoir of nitric acid;
(5) 250 m! teflon reactor.



=28 %9 94 EA% Pb, Zn, Cd 2 Mnd AT vl pHY #HSAtY 98 55

h, 120 h % 144 holth. 2t AJgAF AE EHANEE
Hage] ¥& AR 0.45 pm Nuclepore filt-
erZ AF3gich A#HE 0 & ARE 34l HE
E violA ol Yol 918 & Aslslgich

&1

A8l BE 24 A7= XRD (PHILIPS PW/1050 dif -
fractometer, Cu Ka)Z ©|8315th. EF 2 A&44 A
AT 44 AR (solution)®) FEFEFFL polarized
Zeeman background correction device’} ZX)® Atomic
Absorption Spectrophotometer (HITACHI Z-8100)Z ©|
431900, Ph, Zn, Fe, Mn< air-acetylene flarne, Pb,
Cd2 graphite furnace o2 2zt EM8%T). Gra-
phite furnace®] analytical sensitivity= Ph:2 ppb, Cd:
0.2 ppb, Zn:5 pph, Mn:20 ppb & Fe:50 ppb ©]t}. A&
B A2k analytical grade (Prolabo =% Merck) 93,
AAS BA4A] A€ Ph, Zn, Cd, Fe, Mn standard metal
solution 1,000 ppm stock solution (Merck) o]Jch. &<
$5 7] 93 Milli-Q Millipore system (Type 1) AL&-
FAom A B ol ALg-alith

HAEDN EYdY F 243 frlargFe
LECO CS225% &3l EX35on friaadade
ANBE Fez Asld FIAFES AAT H B
skt

da o
EQAES HEZXY

Z2RqA AT 298 EYY F FHBEL 4,
4 d A RE (A, wga])oln], o)l £ ()

TE, F22)9% JEZE (Y4, kaolinite, montmo-
rillonite)e] Ar&Ert. EREHE F TAFEL 49
7 HEFEo|3 BAYE FEEE AT g7ty L85
7} AAHJ. At FEL X435 BEAA #
A2 e o) olE FEY ol m$ AL Ao
718 AY vl A Je2 ZAs) B Res B
Itk (Table 1). A24E ¥ =29 EY A5 3
XRD 4 23}, 2 FE<] AALA,

Et4 Btat

&AM AHE A2 A S 9.1~12.8%
2 ol zon o]F f718A ko] 7.9~121%2 2 &
A et ol FEas glolo] vpro] yld Ao
2 gaEd, Add AL =29 B9 Br|gid
FFE 0.2~1.6%=2 A7t 30 S8 & r1Feg AN
A 2~13%2 539} (Table 1). PonddA] 139 5
FEAEY] f71e: FHL 1.3-6.9% (BT 3.6%)2.8
=29 QAEF AR don FriaA g3 A
& A=o|t}.

0| S249| =Y HE] : sequential extraction

A-71 ZEER WA AAE LHEYS] F54 FF
& sequential extraction method (Tessier et al., 1979)
2 E435l4 Table 20 3 21359t}

Pb:Pbe F2 43ldBEC] 43 5= FllldA F=2
AZHYon, A4 Pb FFe 3H~50%EF AR FT}
(Fig. 2). B49FZo] g3l=E FlI= FII thee=
Pbe ksl 597 98-S v} (4A Ph Fke) 27~
41%). °] A 9= Ml a4 A =24
B ZA3ks Pl A 3HEE ZAYEE 78 A

Table 1. Summary of mineralogical compositions and carbon contents of roadside soil, settling particles and Sologne soil.

Sologne soil ~ Settling particles

Roadside soil

(12 (32* Mean S16b $20 S26
Quartz +++ ++ +++ +H+ +++ +++
Feldspar ++ ++ ++ ++ ++ ++
Carbonates n.d. n.d. ++ ++ ++ ++
Clays + +++ + + + +
Mica + + + + + +
organic carbon (%) 0.1~1.2 1.3~6.9 7.9~12.1 6.8 10.5 9.8
inorganic carbon (%) nd. nd. 02~1.6 12 1.6 0.7
calcite (%) nd. nd. 2.0~13.1 9.7 13.1 57

*; number of samples, **; equivalent weight percent of calcite, +; trace, ++; middle, +++; abundant, nd; not detectable.
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Table 2. Average and range of the concentrations of Pb, Z1, Cd, Fe and Mn within fractions F I to F V, sum and Mt for
nine samples of artificial roadside soil.

clements F I* FII FIII FIvV FV sum Mt
Pb (ug/g) 38 494.9 634.1 264.3 58.6 1455.7 1461.2
2~6 375~727 395~736 224~328 42~83 1128~20(8 1162~1985
Zn (ug/g) 67.1 1308.2 1193.8 186.5 105.6 2861.2 28304
22~115 700~2675 900~1700 125~209 85~155 2031~4642 1975~4575
Cd (ug/e) 0.68 0.72 0.94 0.28 0.09 272 2.80
0.4~0.9 0.4~1.0 0.8~1.2 0.2~0.4 0.05~0.15 2.0~32 23~34
Fe (mg/g) <0.01 0.19 6.52 2.19 17.84 26.74 21.70
<0.01 0.03~0.24 5.48~1.72 1.68~2.78 16.15~19.07  24.92~28.78  25.05~29.27
Mn (ug/e) 67.9 246.6 160.0 254 88.7 588.6 587.8
40~128 136~305 105~187 18~31 68~105 507~73¢ 509~730
* FI: Fraction I; FII : Fraction II; FIII : Fraction III; FIV : Fraction IV; FV : Fraction V; Mt: (see Sampling and Experiment)
15.07% 11.54%
Pb Mn
Fl Fl
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O Fm O Ful
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B FV B Fv
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o
2438% _ Fe
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B FI (RN
@ Fil 0 8.18%
O Fll
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B FV
3.32%
10,33%
25.09%
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@ Fu Fl
O Fm @ Fl
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B Fv O Fiv
26,57% 8 Fv

Fig. 2. Partitioning of Pb, Zn, Cd, Mn, Fe and Ca within different fractions in roadside soil.




=2 EY¥Y 29 545 Pb, Zn, Cd 2 Mnel 4245 wAe pHY w3t 4

(HA Pb #e] < 80%7F FII & D&K= Y@}
(Harrison ef al., 1981). T+& 234 (Zn, Cd)3e= B4,
Phg £ulsl= i 249 FIV ($71 83 galgEs) ¢
uhe) d¥x Faste, AA Pb FFY 16~21%F A

g}, ole =AALE YRS Y8l tetraethyllead/

tetramethyllead”} H718 FAF TR & 2FE X
Alghs o2 SIE ) Retention pondel A A3 5
FEAE ZAse Phiz FAEFER YEHE FV
(A Pb #2) 35~38%, o1 T, 1997b)ol| A F2 &3
d o =29 BEg2 AA F TFY o 4% o
FVollA g8jo] AR o ZgAo] w2 ol

Zn:Zn $Fe 2E AlEdA ¢ A Jehds Pb
o] Asletd 2A9 A7 ddets fAREI Zng o
F2& FIIFH MelA Sa=s, 22t dA Zn S| 3
T 45.7%% 40%E A=A gt (Fig. 2). ©] 23+ Harris-
on et al. (1981)3}%= L g},

Cd:Cd2 FI, I R MlA AA Cd 3% 86~93%7F
£ 9t}. Exchangeable fractionoA &35+ Cde AA
Fake] 19~35%< AA|3Me ubHel F IolA £3l=l= Pb
T Zne Ae] FAIE Azelo} (Fig. 2). 8, LGHA &
< background soil®] Cd-& 2 FAFIZE (FV)ol <=t
He vhlo] o] AYL4E FL 11 € 1Mo FutE e
Cdstake] 2A) 71E & A de] glth (o] T 1997h).

Mn & Fe:Mn9] 8 %} 982 FII (A4 Mn &
o] 27~51%), FIII (2F 19~34%), 2 FI (3~23%) S°]c}.
Fe= W7 FV (WA &%<] 64~68%)14 3¢t

Sequential extraction ATE 53 4 AWz HY
Ego o] Aed4E FlIg Mo FtEle 2534 3
ol A FrtEe A& & & o, o] Avte BadF
£} Fe-hydroxides’} Pb, Zn, Cd & Mn®} scavengers
24 Fa3 94¢ dtu Sicke Ag A B9
Y= fF71daE PhE ALstus 84 449 F8 &
Wizt 43S A 23t 3lom, o) Phrt ArbE £
kol 2% o o] 2 E AL AAFT.

E&AE 2

HAEAE 2189 ANRO 845 T sequential
extractiong ©]&3t A3 AAE Table 39 328t
At

pH 215310} S349| Sl

pHell 8l &2 53 (buffer capacity)e] & eAita
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Table 3. Heavy metal concentrations of the samples used
during leaching experiments in the different fractions of the
sequential extraction (Particle size <315 pm).

element fraction S20 S26 P11 P13
1 3 2 12 1.3

11 375 405 9.2 75

Pb 1L 602 760 18 24.3
(ng/e) v 245 312 10.5 14.8
\" 53 32 17.3 13.5

sum 1278 1511 56.2 61.4

I 21 23 9.9 9

II 700 1125 49.4 52.5

7n I 1100 1460 421 45
(Lg/e) v 125 193 16 18
v 85 155 335 30.5

sum 2031 2956 150.9 155

I 0.60 0.46 0.02 0.04

)| 0.95 1.14 0.22 0.19

Cd I 1.18 0.81 0.19 0.15
(1g/e) v 0.44 0.34 0.01 0.01
A\ 0.04 0.06 <0.01 <0.01

sum 321 2.81 0.44 0.39

T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
nitric acid mmole/L

Fig. 3. Variations of pH-values (titration curves) of suspensions
(4 g/100 mJ) of studied samples after addition of nitric acid.

FES 453 =2 EYAR (520, $26) 9 €At B E
o] Y& RREAE A8E vwsld sludged AF
pH#tE &3l Fig. 3ol AT & @I FE 4]
8 $207) S269) A%, sludger} AM o2 WalewA
At BEo] BalEo] pHel g ¢329de Jehll
o). 2 A7, sludge?] 2% pH 32 HA3] Yolx 100
mmole/L7HA] AHe H7lslA® 3.00)312 Rolx]A] g
ok g, SR Ee] gl RREH R AS, A
10 mmole/L¥t #H7Iet = sludge®) pHFtol 3.5015H=
HolA W 30 mmole/L-& A7IstA pHgkol 2 o8tz &
oz},

Fig. 4= A7t Ao %o wa} sludged] £30€
Mn, Ca, Cd, Zn 2 Pb &3S 2 949 total 33} 4
wele] MBS = FAJSAT)
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Fig. 4. Amounts of leached trace metals (Pb, Zn, Cd and Mn) as a function of acid addition.
Table 4. Concentrations of Pb, Zn, Cd, Mn and Fe in the roadside soil and the seitling particles.
Sample identification P11804%4 P1310595 S20 $26
pH (at 100 mmole/L acid addition) 1.62 1.67 317 3.01
Pb F I+F II+F III (%) 50.5 53.9 76.6 772
leaching (%) 47.0 49.3 23.1 40.8
Zn F I+F II4+F I (%) 67.2 68.7 89.7 88.3
leaching (%) 64.6 61.7 60.7 75.0
Cd F 4F II+F III (%) 97.7 97.3 85.1 85.8
leaching (%) 86.4 87.2 589 92.9
Mn F I+F II+F 11 (%) 85.0 95.6 81.8 74.6
leaching (%) 94.0 76.7 58.0 75.1
Fe F I+F II+F Il (%) 16.2 19.4 253 34.4
leaching (%) 122 157 40 52

EREAE:Cde A4S 10 mmole/LS F71shd &4
7} A1&= 1 Zn2 20 mmole/Lo] F7psojok £3)7} Azt
gt} 9 Ph 50~60 mmole/Le] A4S H7lsiadol
A&o] A ZE} (Fig. 4). 39, Mn# Cde 20 mmole/L,
ZnZ 30 mmole/L ¥ Pbie 80 mmole/Le) A4to] H7te
A< W 83" g F5949 o] Holglel oj2A B
T 433k 83 Fe o] AAsS 100 mmole/
LARA A&3A F71s= 2L Fe-hydroxides”} 24184
ZA|gE, Mne] A&3o] wad) Faideld] oj2x AL
Mn-rich phases”t Z7]¢] g3l€ A& <uldic). Mna}
Feq] 2% 3% (leaching behaviour)o] A E T}E AL E
BB ZAlsts F 949 Aslee 24 2oz}

9l7] W& AL ofn|dic} (Fig. 4). 4244 23 pHot
o 1.6 (718 49 F=71 100 mmole/L)Y = L3811
FF&] 3 FlL 1O 9 MoA £31€ 334 ko)
3t ALK} (Table 4). &, pHell o) 3dde & &
dE FEo| gle BN B8 244, FIL 10 2 I <
WE 4L dubE o o S 44 &88
Aoz e,

=2 B A 3EC] sle w2l B9 (520, S
26)2 9440} Wt 10-60 mmole/Le AHS H7E w7}
A% 72§, o}, @] §8)7t do'vkx] fert e
pHoll t&l #2835 2= BB Eo| Z42t 13.0%%
5.7%°] Tl U7l W et BgEZ B 24,
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HA7H A5 %7t 100 mmole/L 4 W &€ 349
2E2 acid-labile fractions (F 1, II, IID)2] &34 zlo]7} 9l
o} (Table 4). 34, A7 2¥9] ¥ =7} 100 mmole/Lo]|
g w747 sludgeo] £51% Pb, Zn, Cd &) A% 27}
g, Fa59 AA FF 47 23-41%, 61-75%, 60-
93%7+ AEHUTH (Fig. 4). 3347 Ca, Mn, Fed] 3
233 FuE A F/RHE FEE 5 Yk

Ca, Mn type:Ca®} Mn9] &8 @438 455
ol J&E FA WA] @2 acid solutionol| A YA &3l
Haz itk & Mnd dif-fo] WA Hab Yo ritd
Aoz BRIt

Zn, Cd, Pb & Fe type: &8 389 ¢4E8971 A9
27 8 Q7R ol 449 AES =5 AWt 2
o o]% A& L€ go] FriE BAFFEC] ge
HAEAET $ARE A% et (concave &2 sig-

moidal shapes) (Fig. 4).
HESAIZHO) CHEt S349 Sl

fA3 Alge] EFEQ sludges] pHE 6.59 5.022
YAA =2 AFAAE WA F2E AET
¢ @A 2 Fig. 59 FA8HEth Sludgedl $31E Cd,
Zn, Pb & F pHollA 2% 3Y o]F Ao dFsHA
FRA8E Aoz At pH6.59 F3AS slET vt
AR AN ZAT FFEEF P JAEFe] ¢
e Ao Jeigton (42 oF 12.7%¢ 17.2%) ot
E o 6%7F SalE e g 0.1%°)8e] AEFE
Hol A9 &7} o] AR & ALoE T
pH 5.09] ekt BB} A7) AP Fl=ie
HAZo] ZA Z7E9] F 70%9] FI=Fo] Sals Ao
238 old= 7%= F7iEAlrh @] A&FE pH
5.000ME Ag) {387} 52 gda Bk dol gk, &
7rs} Ft= g3} o] AuiH o2 A58 mobility’t &
< P47t g § FL AgulelA 71 Seivt &
He Aoz Yewth ol & 4] 4lAE<Q] mobilityE
ZA335Pd t&9] gAelth: Mn>Cd>Zn>>Pb>Fe.

E 9

Table 201 w2® ¢zt AF3 B o] 3,600,000002]
Zgx A-71 n&E2d EQNEE UF FFE (Ph,
Zn, C)9} 290 W% AzZsHA A= givhe 2E A
Algth Pb 292 FA3ERd anti-knockingS $l3l
tetraethyllead 22 tetramethyllead2 H7}=+E ‘gol ol

1209

i

Dissolution (%)
=
+
+
+
+
+

+prOn
o3

3 4 A 4
pa A g s g & g
0 T * i 1
0 20 40 60 80 100 120 140 160 180
Leaching Time (hours)
120
100
g
: 80
2 I’y A A A
3 e Y i + + +
]
£ olut A s A A s A2
B A o o [5] o o [we
=z
20 :f,'
+ o
[ il * B ]

0 20 40 100 120 140 160 180

0 80
Leaching Time (hours)

Fig. 5. Concentrations of Pb, Zn, Cd, Mn and Ca vs leach-
ing time for the suspension (5 g/200 ml) of S16b.

717v22} 37 th719)) PbBrCl#t B %] ammonium hali-
des (PbBrCl- NHCI, PbBrCl-2NH.l and PbBrCl
(NH,),- BrCD) 59 gEl2 viZd 7 37135 4tz vt
£33l PbSO,, PbSO,(NH,),S0. B PbBrCI(NH,).BrC1=
s Bl EAldls Aoz gt =3, ARt
A w7172 wEE del 271E °F 0.015 pmE L3
A 9en ) EAlshe aerosols® $AAE-S 3 1
e g FRA WAs e g 27+ ¢ 0.03~0.05 pm
7t B Aoz 484 itk (Biggins and Harrison, 1979;
Harrison and Johnston, 1985; Hewitt and Rashed, 1992).
oldds} =& AFAtetolold] ¢ 1%H = H7HE ZnO
7t 8 eddoez 4aA Ut} (personal communica-
tion with Michelin).

o] A}t =2 aerosols¥} clogging material®] F8%
L9E 97 Agsle I Pk =2 g BAE
gugxzo] edolr AFHI areosols®] FFE 2.G0)
- Az Ze® YA CHPb:4800 ug/g, Zn:2330
pug/g, Cd:26.6 pg/g (Lebreton and Thévenot, 1992). ©]
aerosols A1 29 th3t sequential extraction 23}, YA}l
atA AgE Pbol v Znd} Cdo] £& mobilityE 7t
etk ¥k £, =2 PA4AT o] BT sludgeol A
N# & clogging material®] Pb, Zn 2 Cd L9= H|wA
=7 Jeiton (Ztzt 102~1429 uglg, 125~848 pglg,
0.57~2.82 pg/g) 49 “diA<Q mobility= 9] A=}
23k} (Colan- dini ¢t al., 1995).
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Fig. 6. Amounts of leached Pb, Zn, Cd, Mn, Fe and Ca as 2 function of pH.

=259| mobility

7} sludge®] #%F pH 3 A€ 3549 $32 Fig.
6 vlwg A}, Pbe sludge?] pH7} 35~5.0, Zn:
sludge®] pH’} 65~7.0, 28]ln Cd¥ sludged pH7}
6.5~8.00 158 A&H7] AlFgch S209 A&E4dE 2
7, F71E 4k} %7} 30~50 mmole/LE Z7HEAE B
T3t sludge®! pHE 6.59014 433 FA1€HFig. 3).
oldf, sludgeol 431 Ca, Mn & Cdo| &ai57}t 24 =
7H & R Phel 83l == v Fslch(Fig. 6). S26 (cal-
cite®] &% :5.7%)9] pH &3F = S20 (calcite®] 3Hak:
131%)50} vl v efsict. FREAE (P1180494 & P
1310595)¢] pHell gk ka3 3l= glon sludgedl] 83
d Fo%9 ¥EE 2704 343 S7Md) (Fig. 6). 2
22, o] ZIE EQ R S b= B 2
o] 1& Mn, Cd9} ZnE g4 £3lA2 = 3I& Aoz 9
@55 o)A 9] mobilitys Ca>Mn>Cd>Zn>>Pb o]},

Retention pond2| &34 RQ|2

Agule =29 B 09 $F4E S8lAA
U E2)F ez 99S BMAITA 2 Aoitt. =
oFabAg H] (¢f pH 5.0)= EYoll 999 232& Fo] 4
Foz &3/l & 949 Cd¥ Zng &ejAA NE
o £3l€ AHE o]|FAIZItE. B wiu3 ZsiA 2

Table 5. The estimated mass of dissolved pollutants in in-
put of Retention Pond for one year cornparison with the net
mass of particulated pollutants associated with suspended
matter.

Annual dissolved mass  Annual deposition of

in input of RP particulated heavy metals
(g/year) (gfyear)
Pb 40.6 328
Zn 2536 766
Cd 412 22

RP; retention pond

e 94 (o, Phie EFUASL 34 E2]F< whio
2 o]F, A7 gt

Retention ponddl ¥ FEFHHUALE &3E Ae)
(dissolved phases)¢} E<F ¢z}l A€ uA3el (so-
lid phases)2 T8} A4 ¥ (o] HF, 1997h; Lee
ef al., 1997a)°l ©J8d, o] ohE-2 A2 15
HED 445 E b ofdy slege 4ad Auz
FYUHEL e Fo2 vy, 53] 725 Y28
2 s g 4388 dEE fUse gl ok 20u)
AE B2 22 Ut (Table 5). o] A= g4
4 A Q] mobilitys} H&AE Axe} of - 2 AP}

g B

1 EZFx A-71 345528 QHE dig FF49)
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Pb, Cd, Zn, & Mn® 823} scavengers®] 9&< 3la
AS AN F T, F718AE & (Pb-rich gasoline) 2
o}<d (tire dust)¥ 2438 FyHeT)

2. E2¥ QHEYTH LHEHEC U A&dda
B FEo| Qe E2W E%L pH $3 AT o5 &
AEHEo| ARE W7ix] FEE L=t FoH, Ae
S AFAF L ok G FE] Qe FREHE
pHe 2714 §23] WolA 1 F349 83=E IA F
7N, 8" F349 %L sequential extraction®]
Fraction [, I & 119} ¥} 2 4x)€rt.

3. Sludge®] pHE 659 5.02 A3l 4&3t kinetics
23}, Hd A& 3Uuldl o]2n pH 50914 Cd Zn
9] A&%o| vi-$- & o ulks) Phe A9 AEHA e
t}. A28} sequential extraction ATARS Fgaid
LAY =2% Eoo] Abguis} whgd ¢ Fole
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4. 2407 0 dd EQd] AnER, <Ak (pH 5.0)
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AA S, TR 2 PR 2] A3l e Fe] Fog €
Qo] & Aez waar.
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oFol 2 F4d 349 leaching reaction® A A7 &
EE =5 FT EWt I 2R, a5x 2
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A AL
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|

ol (1997a) ZatA A-7T1n&E 2 AXE A2
A AHE 7249 HABS| T8 Ph, Zn, Mn 2 Cd
9] A gletA PE e Fol A A+ AL BAA L3
2], A 307, No. 4, p. 341-352.

o] (1997b) T~ A-71REETH EGT RGEA B
834 A% € 2997 IZEGRAEIA, A 29,
No. 1, p. 21-34.

o] HF, ol (1997) Z=H 2~ A-71 & T2 Retention
pond®} 71% 7l A=ELFFALIA, Al 24, No. 1,
p. 73-81.

Bellinger, E.G., Jones, A.D. and Tinker, J. (1982) The cha-

racter and dispersal of motorway runoff water. Wat.
Pollut. Control. v. 81, p. 372-390.

Biggins P. D. E. and Harrison R. M., (1979) Atmospheric
Chemistry of Automotive Lead, Environ. Sci. Technol.,
v. 13, p. 558-565.

Carignan, R. and Tessier, A. (1988) The co-diagenesis of
sulfur and iron in acid lake sediments of southwest-
ern Qubec. Geochim. Cosmochim. Acta, v. 52, p. 1179-
1188. .

Colandini V., Legret M., Brosseaud Y. and Baladés J.D.,
(1995) Metallic pollution in clogging materials of urban
porous pavements. Wat. Sci. Tech., 32, p. 57-62

Davis, J.A. and Leckie, J.O. (1978) Effect of adsorbed
complexing ligands on trace metal uptake by hydrous
oxides. Environ. Sci. Technol., v. 12, p. 1309-1315.

Ellis J.B. and Revitt D.M (1982) Incidence of Heavy Me-
tals in Street Surface Sediments : Solubility and Grain
Size Studies. Water, Air, and Soil Pollution, v. 17, p. 87-
100.

Harrison R.M. and Johnston W.R. (1985) Deposition Flu-
xes of Lead, Cadmium, Copper and Polynuclear Aro-
matic Hydrocarbons (PAH) on the verges of Major
Highway. Sci. Total Environ,, v. 46, p. 121-135.

Harrison, R.M. and Wilson, SJ. (1985a) The chemical com-
position of highway drainage waters; 1. Major ions and
selected trace metals. Sci. Total Environ., v. 43, p. 63-
71.

Harrison R.M. and Wilson S.J., (1985b) The Chemical
Composition of Highway Drainage Waters: IIl. Runoff
Water Metal Speciation Characteristics. Sci. Total En-
viron., v. 43, p. 89-102.

Harrison, R.M., Laxen, D.P. and Wilson, S.J. (1981) Chem-
ical Associations of Lead, Cadmium, Copper, and Zinc in
Street Dusts and Roadside Soils. Environ. Sci. Technol.,
v. 15, p. 1378-1383.

Hewitt C.N. and Rashed M.B. (1992) Removal Rates of
Selected Pollutants in the Runoff water from a Major
Rural Highway. Wat. Res., v. 26, p. 311-319.

Hewitt C.N. and Rashed M.B. (1990) An Integrated Budg-
et for Selected Pollutants for a Major Rural Highway.
Sci. Total Environ., v. 93, p. 375-384.

Lebreton L. and Thévenot D., (1992) Pollution métal-
lique relargable par les aérosols d'origine autoroutié
re. Environmental Technology, v. 13, p. 35-44

Lee, PX. (1996) Doctoral thesis. Univ. of Orléans, France.

Lee, PX. and Touray, J.C. (1998) Characteristics of pol-
luted artificial soil localized on a motorway border and
effects of acidification on the leaching behavior of
heavy metals (Pb, Zn, Cd). Water Research, v. 32, p.
3425-3435.

Lee, PK. and Touray, J.C. (1997) Mis en solution des mé
taux lourds (Zn, Cd, Pb) par lessivage de sols et de sédi-
ments pollués en domaines autoroutiers : approche expé
rimentale. Hydrogéologie, no 1, 3-11.

Lee, P.K., Baillif, P. and Touray, J.C. (1997a) Geochemical
behavior and relative mobility of metals (Mn, Cd, Zn
and Pb) in recent sediments of a retention pond along
the A-71 Motorway in Sologne, France. Environmental
Geology, v. 32/2, p. 142-152.

Lee, P.K,, Baillif, P., Touray, J.C. and Ildefonse, J.P. (1997b)
Heavy Metal Contamination of Settling Particles in a
Retention Pond along the A-71 Motorway in Sologne,



62 o|gTF - oA E

France. Sci. Total Environ,, v. 201, p. 1-15.

Lee P.K.,, Baillif P., Touray J.C., Lepiller M. and Galet M.,
(1996) Un systéme de décantation-filtration des eaux
pluviales dans le domaine autoroutier (A 71): le site
des Ardilléres ouest, Revue générale des routes et aéro-
dromes. n. 741, p. 24-30.

Lee, PX,, Touray, J.C., Baillif, P. and Lepiller, M. (1995)
Contamination of recent sediment by Pb, Zn and Cd in
relation with motoring : French examples. In PASAVA
J. ¢ dl., ed., Mineral Deposits : From Their Origin to

Their Environmental Impacts, Prozeedings of the third
biennial SGA Meeting, Prague, p. 671-674.

Sigg, L., Sturm, M. and Kistler, D. (1987) Vertical tran-
sport of heavy metals by settling particles in Lake Zu-
rich. Limnol. Oceanogr. v. 32, p. 112-130.

Tessier, A., Campell, P.G.C. and Bisson, M. (1979) Sequen-
tial Extraction Procedure for the Speciation of Par-
ticulate Trace Metals. Anal. Chem., v. 51, p. 844-851.

19983 89 289 91, 1149 16 AAEL.



