Special Lecture 2
Heavy metals In soil -plant system
= An example of study on pollutants In
solls and thg health risks
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\ersion1995° TLEPA. DWS2000° USEPA  ECStates®  China ~ WHODWG

a 20002 503" 19845 2000 1Center for Environmental Analysis Research Triangle Institute,
Draft Risk assessment for cement Kiln dust used as an agricultural
AS —~ X X X X(Neth) X X P soil amendments., 1998
Ba X X X X 2 USEPA. Drinking Water Standards and Health Advisories EPA
Be X X X \\/A\D) 822-B-00-001,2000
Cd X X X X X X X 3 USAEPA, Land Application of Sewage Sludge, A guide for land
. % % % v % <P appllers on the requirements of the Federal Standards for the use or
disposal of sewage sludge, 40 CFR Part 503
X X X (UK) X 4 Smith S R. Agricultural Recycling of Sewage Sludge and the
Pb = X X X X X X Environment. Cab International, 1996
Hg X X X X X - X 5 China Environment Protection Agency. Control standards for
Ni X X NAD X X X XP pollutants in sludges from agricultural use. GB 4284-84, 1984
S > > > ™ X (Fr) ™ 6.Be, BCF(soybean): 0.1 ~0.5 in limed soil (pH 6.0~6.5); 0.7 ~1.2
in unlimed soil (pH 4.9~5.5)
Ag X X NAD 7.Mo, toxicity to forage crops when biosolids Mo annual loading
Tl X X >=1.0 kg/ha , but not directly to human
Sbh X P 8. WHO Water, Sanition and Health,1998. Guideline for Drinking
Cu NAD X X X X Water Quality. 2™ Edition. Geneva, Switzerland.
S NAD ™ > > Those marked with “p” are provisional. ATO:  provisional
concerned with the taste or odor of the water.
Mn ATO? NAD: no adequate data.
B X X
Mo X X X (Swiss) X
Co X (Swiss)
U Xp
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As Cd Cr Cu Hg Pb Zn
58 22 82 67 085 26 316
1.7 11 10 28 28 7.4 39
04 42 20 26 013 40 60
025 018 ™65 13 044 71 39
011 004 15 43 004 76 11
22 72 298 214 26 144 298
38 12 458 592 068 292 465
028 020 032 14 001 29 25
13 53 22 25 25 232 Q2
82 22 898 971 83 759 1322

Ref: Nriagu, J. Environment,1990,32(7):7~33
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Cu/Zn: 0.3~1mge (kgea)!; Pb: 0.2~1 mge (kgea)L1Hl
Cd: 0.3~3u ge (kgea)*

Cu/Zn: 0.5 ~1kge (hm2ea)l; Pb: 0.5~3.0 kge (hm2ea)-L4l
Cd0.8~10 X 10-3 kge (hm?ea),
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Cd, Pb 1 Znf] 95% E 15 FR & & el (mg/kg)

JANS Cd Pb Zn Data source
0.02- 0-0.33 0.69- 0.89-29.6  Chen et al.1999
7.01 42.0
USA 1.05- N/A 4, 62— 12.6-183 Shacklette &
25.9 55.4 Boerngen,
California 0.63- 0.05- 3.96- 26-188 Bradford et al., 1f
Baseline 12.3 1.34 36.3
California 0.21- 0-0.47 4.13- 32.04- Chang, et al., 2003
Baseline 15.49 24.86 120.92
China 2.5-33.6  0.02- 9.95- 28.5-161  Weietal. 1990
0.33 56.0
World (11.3) 0.40 15 40 n Berrow, ML. et
(29.2) al, 1984 200 JIST=IN



~ =& L = P — A 23
b X 7% 1 B < R o sl U (mg/kg)
_ —
Iﬁ| As Cd Pb Zn Reference
2.68 0.49 3.44(0. 62.3(20.  Means(range),
Rio Grande, TX (0.47- (0.01- 64- 3-469) Sharma, 2000
14.5) 2.07) 9.87)
Piedmont soils, N/A 0.01- 2-30 1-900 Abollino, 2002
Italy 2.0
South Savo, 2.90 0.08 7.7 N/A Medians, Mantylahti,
Finland u et al., 2002
Pearl River N/A ND - 10.1- 11.1- Wong et al., 2002
delta, China 1.47 180 284 [
Hunchun, China = N/A <1- <1- 21.54- Moon et al, 2000
48.3 24.07 146.7
Central German 2-14 0.1-2.1  22-152  30-369 Manz et al,.1999
California 1.52- 0-1.19 1 his study, 95%
Croplands 13.76 onfidence inter\al
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Cd Pb P Zn
Fosd B FA B Fa B FA B FA
764 023 050 14.4 1560 6122 8437 7648  67.94
9
120 004 015 435 599 847 2064 2039 2137
18.4 115 238 33.4 6216 2070. 2623. 167.8 1446
0 5 6 2 3 2
750 020 040 13.7 1616 579.6 7716 7883  66.75
7
PR 390 312 012 035 529 596 3537 4118 2267 19.95
%=
B A& 302 585 297 647 303 591 297 658 299 653
%

Remarks: nsd, no significant difference; a, significance at P <0.01; A, significance at P <0.001.
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Pan G., Chang AC.,2003
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Oxnard/Ventura ﬁ%g

y = 0.7627¢% 797

Accumul Factor Cd

y = 1.325x + 0.554
R? = 0.544

Plot of PCA analysis of the benchmark soils collcted in 2001. (Prinl,
heavy metal accumulation; Prin 2, accumulation of P and Zn as nutrients;
Prin 3, association of heavy metals with phosphorus) 2 |IREEA




ARRIEE T BT EEREIGRIR R R

I' lr
I,

llIIlIIIIIIIIlllIllllll‘ill"‘

J
L
[

h
ol

S
@]
=
Q
©
y——
c
2
2 == —
=)
£
=)
(&)
Q
<

/

i

T

Mﬁ |
IS




— . —T. E‘ S
1% T TR
Cu Zn Pb Cd Hg As Cr Ni
14.97 25.77 22.50 0.09 0.05 4.28 49.84 22.38
125.4 79.90 106.5 1.67 2.35 42.94 101.7 42.64
u
H{E 35.07 49.45 36.86 0.34 0.28 7.18 69.82
P2 16.14 12.06 12.82 0.19 0.29 3.99 10.47 4.06




R IX 1249 /5 7= 7K R = 7= T 4
:E 4B Tt R & = (mg/kg) 1) Ah

Cu Zn Pb Cr NI Co Se Mn

278 687 233 &5 255 102 025 @387

SD 6.6 198 5.6 106 4.9 1.7 0.04 86.4

/ /\/%*E/\—J" 2002




w IkFE+

B N L ESIE L

(Do IREZE W AH], BEVIRE20RII/KAE L3
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Range 41.52-8 52.13-7 22.67-3 22.67-2 29.08-3 30.08-4 0.50-1.1 0.58-1.2
2.12 6.73

1.38 .9.38 9.08 2.64

0

Mean  64.12* 66.76% 27.24% 26.47% 33.94?® 3271%* 0.58%

S.D. 10.99 7.81

n 26 26

B. Value 73.72

20004 %€ ; Background value in 1985

2.92 2.42 4.12 4.00 0.

22

26 26 26 26 18

22.78 20.39

0.1

0

0.84°

0.19 -

18

1
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(13 G i I ED

e KRG S EE L KRS - Cd i b

@ = KRE
W A KRS+

Cd (mg/kg)
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% (mg/kg, x%SD)

Cu 3. 17£1.63 5. 12%2. 20 1.95
Zn 0.81+1.39  3.94%3. 03 3. 13
Mn 3.73x7.10 10. 96%11. 30 6. 83

) PR T ey

61. 51

386. 4

183. 1
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DTPA-Cu (mg/kg)
DTPA-Pb (mg/kg)

5~15 15~30 5~15 15~30
W (ecm) YREE (cm)
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WAL E VR B AH X DTk ---DTPA-extractable or
0.1 M HCI extractable divided by the total

e Zn activity index in 3 kinds of soils in Wuxiang
- County

—o—\Well-drained soil

—8—Paleo—marsh soil

Ly

40 1

35 T

30 -

Bleached soil

Mudu, Suzhou Manucipality

Activity indice of the heavy metals in
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R? = 0.9537
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40-70 70-100
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IR, Znsis st (ma/ka) K is 14 (%)

0. 2
J

°’ Pb In

ﬁ FRE(TD) | ARh | RIUE | Gk | AR5 | B0E | Wk | IE
(M) | (Tr) m(RME) | (W) | CRae) | (k) | (ko)

0-3 12.263]  6.0l5]  33.58]  21.87] 13.908 4.4 19,21

36 9.808]  5.765]  33.04] 18.80] 10.903]  4.213]  17.92

6 10 8.04] 6.378]  25.60 19. 49 10. 74| 4.8608 15.7 0.92

10715 7.083 4,83  20.58] 17.20]  7.543] 4788  11.26 7.00

1520 D. 473 4,32 19.31 15,77 3.482]  4.005 0. 13 0. 84

20-25 3435  4.843)  13.03] 17.77  3.063]  3.793 4,52 7.04




2~0.25 0.25~0.02 0.02~0.002 <0.002 ACEX
A Ap A Ap A Ap A Ap A Ap
Pb
]
T 0.96 0.97 1.92 4.87 1.12 1.71 0.96 0.84 0.09 0.26 1.88
3 1.03 0.97 1.00 1.01 1.01 0.93 0.97 0.99 1.38 1.18 1.49
Cd
T 0.91 1.63 3.20 7.33 0.89 2.62 0.66 1.05 0.32 0.21 7.99 15.3
1
1 1.68 2.00 0.68 0.75 0.99 0.44 0.82 0.45 1.22 0.70 1.71 5.36

T 1 e
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y = -1.86x + 1.17
R? = 0.80

/A\Cu (DTPA (mg/kg)

Soilzacidification

y = —2.42x + 1.43
R? = 0.65 -

/A\7n (DTPA) (mg/kg)

/

A\ pH

*

y = —11.17x + 2.82 B
R? = 0.82

-1 -0.5 ) ‘\\\‘b>5 1

/\Y\”
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/A\Mn (DTPA) (mg/kg)
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Chang,AC., Pan, G.,et al., 2001

A Report submitted to WHO,
Geneva, Switzerland, 2001




TR U fr e AT
AR E (mg/kg d.w.)
Before 1/1/1991 — After
1/1/1991 1/1/1995 1/1/1995
AS A 0
5 I 3.5 1.25
Cr 500 350 75 N
Cu 900 425 75 _]
Pb 500 300 225
Hg 5 3.5 0.75
\| 100 /70 38
Zn 2400[0)




iﬁéfﬁ%bﬁ%@ﬁﬂﬁ (GB 15618 — 1995)

V5 AR A A T

Bk YA (GB 4284 — 84)
et VA VA" LA = |

S ._. ARt %8s ‘i (mg/kg dw)
. IO6H.5< i ;.2'5 ) IO7H.5> F)6H.5> (PH=65) HnEE
Cd 0.3 0.3 0.6 1 RE 75 75
Hg 0.3 0.5 1 1.5 B 150 150
.Sg@a 30 25 20 30 || © 5 20
A ) 40 30 25 40 i 600 1000
M) 50 100 100 400 Cu 250 500
Cu ([ ) 150 200 200 400 Hg 5 15
Pb 250 300 350 500 Ni 100 200 -
Crg)(*g 250 300 350 400 || PP 300 1000
Cr (F-i2) 150 200 250 300 || “ 500 1000
ydy 200 250 300 500 ';/:ir(];}[ 3000 3000
Ni 40 50 60 200 || PCB 3 3
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BEH EE SR N R

EE;
/':_r{
(U.S. Environmental Proteﬁlon Agency,

- 1992)
FAS B RELR BB
(Exposure pathways) (Exposure Scenario)
Ex: E1-L/ DN R
13- A FE-KERS CEWE. 3hyt S
3 tok(R-HT)-GAA-A " A TR GRS
4 4K -F- A R K-
5 +-A JLEFR T (pica behaviour)
6 +-Z5-A HAR-MBRA, BRBG- AR )
7 +-BE-A Bz Fok ot




I A A= RfDs (ng/kg BW da;’of PTEs
Chemicals EPA(10%)1" WHO(10-°)? Netherl.(104) Suggested(10-°)
7
3.5
0.6
0.7
20
) 1
Ag 5 Nd 5.0 0.5
\Y[o] ) 0.1 10 0.1
\ 9 NA 2 90
Ba 70 51 20 50
F 6]0) Nd 600
Tl 0.08 Nd 0.2 0.08
Sb 0.4 0.86 0.86 0.86

1 USEPA,2000; 2,WHO, 1999; 3, Swartjes ,1999. *Exposure Risk level.




— NN W 1 20004 o [ S e i 2 451
& .% {ﬁ %gi *@ =1 GHr AL 1L 5720014210 H 16 H H)
EHEERRE (o/A\/d) SRR H i
T3 it e (9/\/d) MRl JH % & (kg/a)
549 584 55
204 Mz R 206
111
39 B 110
331 203 405
m 194 i 7
42 252
SES 51 166 RI2R 25.3
T BIRE 18
fRZER 163 43 288 o 11.8
K B 242 284 235
YRS 56 107 43 Jiikj 5.5
PEER 65 110 59
B B AR 53 7KFE 11.7
Bt 1,703 1,749 1,500

Data derived from Ryan et al., 1982; World Health Organization, 1989b; and
Galal-Gorchev, 1991
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So-MillerW-P.-Accumulation-of potentially. toulements in plants and their transfer
to human food chain. J Environ. Sci. Health, B34(4),1999:681~708)

&= (mg/kgDW)

Crop Cd Pb Zn
Mean Q5th Mean 95th \WIEET g5th
ettuce 0.44 2.1 0.19 1.0 46 78
.pinach 0.80 1.5 0.53 1.2 43 128
mes 0.14 0.36 0.03 0.1 15 27
whea 0.04 0.12 0.62 0.17 AS 48
rice 0.01 0.03 0.01 0.03 15 20 ‘
Sweet corn 0.01 0.06 0.01 0.06 25 46-
Field corn 0.01 0.07 0.01 0.03 22 10)
carrots 0.16 0.79 0.05 0.24 20 48
onions 0.09 0.24 0.04 0.09 16 26
tomatoes 0.22 0.61 0.03 0.11 22 29
peanuts 0.07 0.21 0.01 0.03 31 42
soybeans 0.04 0.18 0.04 45
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Cs= 1/2RfD/Z(PAFi * Di)
Cs: (ng/g) ; RfD: (ug/d/pers.); Di:g/d

Chang, AC., Pan, G,, etal., 2001
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Normal range of Trace Elements in soil and
Plant ( Kabata-Pendias, 2001)

USDA national survey data(via Dr Chaney,
2001,pers. Comm.)

Individual references in journals

&




Distribution of observation
values of Cds (mg/kQ)

Percentage




i
Cds probability distribution initial

pollution :1.5ppm

O I

BSeriesl 4. 1416. 548. 572. 983. 990. 193. 205. 196. 496. 597. 597. 998. 798. 899. 199. 499. 599. 799. §100.

Cds (ppm)

Data source: Chaney R, 1981. Calculated by Pan G., 2001 EE LU A FLLBEELLEGHBEH



Probablity distribution of Cds in lettuce fields

5 e[ 7 s 910 [az[15 115161718
® Series? ------------------ 100.
mseriest| 0 0.1]0.2[0.3]0.4]0.5[0.6]0.7[0.8[0.9] 1 [1.1]12]1.3/14]15[16[1.7]18

Cds (ppm)

Data source: Chaney R, 1981. Calculated by Pan G., 2001




Probability distribution of Cd(p)
In lettuce

90
80
70
60
50
40

30
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20

10

"oz 0406 08 1 (L2l 1alLe 18] 2 [22]24 26282
Wseriest| 28 | 48 |64.67/72.67) 84 [89.33| 92 | 92 [02.67) 94 | 96 | 98 |98.67/99.33 100 |

Cd(p) (mg/kg)

Data source: Chaney R, 1981. Calculated by Pan G., 2001
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PAF(Cd) = -1.409Ln(Cds) + 0.4249
R? = 0.2942(n=153)
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Statistics of PAF of different crops

Crop Min Max Median Mean Stdev 95%pr
o]o}
Soy- 0.05 7.5 0.40 0.53 0.27 1.0
lto 0.03 6.28 1.05 0.95 0.78 2.6
Wheat 0.002 1.38 0.21 0.19 0.15 0.6
Sweet 0.00 1.18 0.09 0.16 0.05 0.3
corn
Lettuce 0.06 13.2 1.53 1.86 0.97 4.8

(Data from Chaney R, 2001.Recalculated by Pan G., 2001)




o
PAFs of Cd for 4 categories of crops
using different soil Cd probability
Crops PAF
95% 99% Prob. 99.9% Prob.

Wheat 0.03 0.002 0.001
Potato 0.11 0.010 0.004
Lettuce 0.73 0.35 0.30
Sweet corn 0.10 0.05 0.03
Soybean 0.13 0.027 0.016

Data source: Chaney R, 1981. Calculated by Pan G., 2001




l .
iﬂelating PAF to soll total concentration
Crop Independt Coefficient Stdev R?
Cdr Vs soil total Cd concentration(mg/kg)

Soybean Intercept -0.0969 0.0401 0.13
lise ) Ln(Cds) 0.1172 0.0237

.tato Intercept 0.0890 0.0760 0.45
=2 Ln(Cds) | -0.1701 0.0377
Wheat Intercept -0.5566 0.1492 0.32
(=22t Ln(Cds)  -0.9268 0.0816
Sweet Intercept -0.0092 0.0297 0.17
EC):T%) Ln(Cds) 10.1558 0.0204
Lettuce Intercept 0.4294 0.1905 0.29
=18 Ln(Cds)  -1.4090 0.1794

Data source: Chaney R, 1981. Calculated by Pan G., 2001




' !AF(Cd) to soil properties (Data ﬁ”ﬂ Dr Chaney, 2001)
il

Variables Coefficient Stdev R?
oybean(n=299) =0.0561-0.1706In(Cds) 0.165

Potato(n=278) =0.0890-0.1701InCds 0.45
Wheat Intercept -3.0702 0.5745 0.40
(n=291) Ln(Cds) -1.8140 0.2115

Cds 4.7182 1.0440
Sweet Corn Intercept 4 4364 1.9013 0.21
(n=166) Ln(Cds) 10.1546 0.0206

pH 0.6582 0.2884

pH12 -3.5446 1.4857
Lettuce Intercept -2.1034 0.6905 0.64
(=25 Cds 4.3925

Ln(Cds) -3.4369

CEC12 -0.2184

Data source: Chaney R, 1981. Calculated by Pan G., 2001




5% BEfER +1ES ENIPAFS m

Cereals | Root/tuberppalty vegetal Fruit
0.01 0.01 0.01 0.01
0.002 0.02 0.02 0.01
0.02 0.04 0.01 0.04
0.01 0.01 0.02 0.004
0.01 0.02 0.01 0.01
0.03 0.1 0.7 0.1
0.001 0,01 0.04 0.005
0.01 0.02 0.02 0.005
0.08 0.02 0.01 0.08
0.01 0.04 0.01 0.004
0.001 0.001 0.005 0.05
0.001 0.001 0.005 0.005
0.01 0.005 0.02 0.001
0.02 0.02 0.02 0.02
0.03 0.02 0.8 0.02




he estimated Cmax.the major elements concerned with. sludge application

RfD 1/2RfD D.J Cmax,soil)

ment (ug/kg BW d)(ug/kg BW d)(ug person/d) (ug/g)
Ag 0.5 0.25 15 3.38
As 0.6 0.3 18 8.21
B 0.5 0.25 15 1.48
Ba S10 25 1500 336.17
Be 0.03 0.015 0.9 0.18
Cd 7 3.5 210 8.52

F 60 ) 1800 1297.53
Hg 0.7 0.35 21 4.16
Mo 0.1 0.05 3 0.10
NI 20 10 600 98.47
Pb 3.5 1.75 105 99.23
Sb 0.86 0.43 25.8 48.74
Se 1 0.5 30 7.25
Tl 0.08 0.04 2.4 0.27
\ 90 45 2700 134.45




Calcutatingthe Limit Cor*centration for
Soil Cd by Using the PAF Value From
Different Data Sources:

1, PAF data calculated from t.hose In Pendias(2001): ppm
2, Mean Cd PAF Data (USDA, R. Chany pers. 2001): 1.4ppm
3, Median Cd PAF(USDA, R. Chany pers. 2001): 1.9ppm
4, Cd PAF at 95% probability: ppm
5, PAF calculated as 95%pro. Cdp/95%Prob. Cds: 1 .Sppm
6, PAF calculated by 95% probability concentration of Cds:
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A model by using soil-related Kp values:

AW AR A R 3 A
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1, The permitted daily dietary

uptake :
The target for estimation of soll
concentration limit (See RfD table

sheet)
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Co=Cw™>Wd>*Tr (1)

- L,Cp YY) (ug metal uptake /g DM);

w 2,Cw: S LIEKESEKE (ug/mL);

= 3,Wd : RHHEYWI/KE (mL/gDM); -.
w 4,Tr: EHBWSEESE S RE.
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From: Cuw= Cs/Kp (2)

Then: Co=Cs/Kp *Wd *Tr (3)

1, Kp : the solid-liquid partitioning
coefficient (L/kQ);

2, Cs . the concentration in soil (ug/g).




© Using Kp models
)

= Model for Cd (Sauve, et al,2000)
(n=751,R2=0.61,SEE=0.62):

n LogKp(Cd)= O.48*pH+O.g8log(SOM)-O.65 @)
= ( SOM: % of soil organic matter)

s Thus: Co(Cd)=Cs(Cd)/Ko(Cd)*Wd*Tr (5)

s Cs(Cd)=1/2 RID*Kp(Cd)/ = (Di* Wa#Tr)  (6)
5 (=leeeeed)




Relating Soil Limit Concentration to
Soll Properties

Cs(Cd)zZlO*lO 0.48*pH+0.82*log(SOM)-0.65/ > (D/'*
W@/ Tri{Cd) (F=1 eeeee 4)

Cs in pg/g; Di in g/person/day; Wdi in gH20/gDM;
Tri dimensionless
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Kp model for Pb (Janssen, et al, 1997 ):

logKppry= 0.24*pH+0.40*log(Fe,,)+1.98 (8)
(n=20, R2=0.71,SEE 0.34)
. Fe., Is soil oxalate extractable iron in mmol/kg.

Then:
CSpry= Y2 RfD(Pb)*Kp/ > (Dr* Wd/*Tr/;Pb) o
([=1leeeee 4) ©)

CSppy= Y2 RfD*10 O#4PHr0A0TI00(Fea™L98 /53 (D> Wl Tr /gy,
(10)




.
m = . o
gPrediction of dietary uptake of metals:

= Duy=Cp*D/ (11)

= Ducay=CScay/Kbcay™ = (Di* Wa Tricgy (/Fleeeee 4)

13

u DU(Cd) (ug/d)=C S(C d)/ (10 O.48*pH+O.82*Iog(SOM)-O.65)* > (D i * WaFTr /'(Cd)
(/':100000 4) (14)




N Du(Pb):Cp(Pb)*D/ (/:1..... 4) (15)

" DUppy=CSpny/Kpopn™ Z(I?/*)Wd/*Tr/ipb) (/=Lleeeee 4)
16

|
n Du(Pb)(ug/d) :CS(Pb)/(lo 0.24*pH+O.40*|og(Fe0)()+1.98)* > (D/* WO’/'*TFI'(Pb)
(f=leeeee 4) (17)

h
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= Cd:
Exposure Risk=D ,/R7D;
I, D =Co*Di; RIDYRID EMHHR A 4, — HEIR50%.
B, .
ER =D, *1/2*RID, Jij L -.
ERCA= Cscqy/ (10 0-487pH+082"I0g(SOM)-085)* 33 (Dj* W Tricyy *1/2*RfD,,
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" Table 1 The parameters used for Cs estimation

Wdi Tr(Cd)a .
. Tri(Cd)¢ :
(gH20/gDM) (Foliage- (F{;gt_legf_ Tri(Pb)¢
. edible part grain)
.ereals 600 0.11° 0.005 0.11
.34)°
Root 500 0.14 0.9 0.03
(0.14)
Leafy 700 1(1) 2 0.04
Fruit 800 0.29 0.2
(0.47) 0.05

a,Page & Chang, 1987. b, sludge application;

c, control; d, Adriano, 1987
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cute plant food exposure to Cd by USA dietary

Food gbjdsa ;Ilziltv (glday DW) Cd exposure(ug/Day)
Median 95%pro.
Cereals 331 297.9 10.72 38.73
Root/tubers 163 3.2.6 4.89 13.04
Vegetable 93 4.65 2.00 10.23
Fruit 242 12.1 0.11 0.726
Total 829 347.25 17.72 62.72
% of RFD 8.44 29.90




ﬁ!naselme Cds for cropland s
n

t food exposure (mg/kg)

.,

olls at zero risk of

i Crop

Cdp Relative Permissib Cd
(95% probab). ratio Cdp. in soil
'at 0.13 0.06 0.28 0.8
n
Potato 0.40 0.18 0.85 3.5
Lettuce 2.2 1 4.68 3.5
Tomato 0.53 0.24 1.12 0.6
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Kp-related soil concentration limit of
Pb and Cd(ug/g)

pH 7 pH 5
SOM(%) 5 2 5 2
Cs(Cd) 9.5 " 5 1.0 0.5
Feox 80 50 80 50
(mmol/kg)
Cs(Pb) 117.5 97.4 38.9 32.2

Cds 1.5ppm under median pH (6)& SOM(2%)(Chaney,2001,pers. Data):
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Recommendation for Sludge
Application

= Total sludge application rate
=(Cdper-Cds)* Ws/Cdslg Ba

=Where Cdper is the permitted Cd concentration in soil (mg/kg); Ws is
the total soil weight (kg/ha);Cdslg is the Cd concentration in

sludge(mg/kg)
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Permissible rate for USA soil:
(Normal range:pH 6.0,SOC 2%, Cds 0.8ppm)

.-Permissible Cds: 1.5ppm; g
=Maximum Cd in sludeg:39 ppm

mPerm. Rate:
w=(1.5-0.8)*1.2*106/39 > 200 T/ha (DW)
== /0 T/ha for continuously 5 yrs




Permissible rate for the case In
Chang, et a/, 1997 (ramona sandy loam)

If :pH 7.8, SOC 3%
Cds Vs application rate: .
Cds =0.0182X+0.3100 (5 yrs continuously)

Cds=0.0146X+2.5028 (10 yrs continuously)
Cds in mg/kg; X in T/ha

To reach the 8.5 ppm of Cds, Then:
90 T/ha per yr for continuously 5 years; 40 T/ha for 10 yrs
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, TR S TN A YRS AR BB T

OKZR Y. - N0 (Allen, 2001)
, L3 RT DL B A A B 7R (exposure) [R5 43
van Straalen NM, 2001; USEPA,2000)

BYAEVARANE: Y BRI AR 2T A B
47 (Peijnenburg W, 2000; Li,Z., Li L., Pan, G. 2004) ’

3,

h



Element Relationship R? No of samples

logKd=0.48pH-+0.82*logSOM-0.65
logKd=0.21pH + 0.51*1ogSOM + 1.75
logKd=1.02 pH + 0.80* 0gSOM —4.16
logKd=0.37 pH — 0.44 * logPb+ 1.19

logKd = 0.60pH — 0.21 *logZnt —1.34

Sauve et al, 2000. Environm. Sci. tech, 34
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Plant control on absorption and partitioning

S

Soil control on mobilit.y and availability

Other factors associated with metal affinity
or mobility




Non-linear response to Heavy metal
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(mg/kg)
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Increased Cd in Swiss chard against increased soil Cd applied
by sludge(Chang,et al, 1997)

y = 2.4260Ln(x) + 0.6711
R = 0.9558

4 6 8
Increased Cds due to sludge application (mg/kg)



Non-linear response to POPs

(o)
o

o))
o

Sudge-adde PAHs in carrot peel Vs in sall
(Plotted using the data by Wild, et al, 1992)

carrot peel(ugkg)
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200 300 400 500 600
PAHSs added by biosolid application(ug/kg)

700
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Pb in plant versus MgCl2-extractable pool in soil

-4 Barley grain clover Grass

-0 Intact ~® Peeled




25 30 35 40 45 50 55 60 65 7.0 75 ( 095 0.050 0.075 0.100 0.125 0. 150 0.175 0.200

ThiCu Imgkg

[l AR BRI AS ] v B )

o PN

HTHH

10 15 20 25 30 35 40 45 50 55 60
¥rkiSe /ugSe/kg

TR Cd /mg/kg

JOLRARYSEEY AR

BN FIESCEE, BRBERRE, 2003




S R 2 4

Root O Shoot O Grain Root O Shoot O Grain

Total Cd (ugCd/pot)

““'ﬁﬂﬁa_A(R) H4.95 ,,\/)Ei (P)pH6.50. pH|35‘1EE155'§“&Ll&ﬁ%
Ik ”7J<$E|?7I<¢Cdﬂm30%, 5593 R Y 7K R T 15160%

Li, Z., Li, L., Pan,G. 2004. Plant & Soil. In press
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Effect of plant species Zn in soil versus Zn in plant

y = 13.008x" 109
R* = 0. 9868

Ll

ol

1. 9364 015% ®clover

2 = 0.9823 B Grass
e clover
IIIII!!!!III

L 4

y = 0.0384x + 2.1716
R?> = 0.9169

y = 21.404Ln(x) - 4.1024
R* = 0.9457

Zn in plant (mg/kg)

Pb in vegetable organ

50 100 50 100 150
Extractable Pb(mg/kg) MgCl2 extractable Zn(mg/kg)

Source: Dudka et al,1999. Pot experiment with HMs amended
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/n in plant versus Zn in soil
* Barley grain y = 25.211e" "
= Barley straw R® = 0.9798

y = 7.6679Ln(x) + 18. 358
R = 0.998
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50 100 150
MgCl2-extractable Zn(mg/kg)
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y = 0.0406e" "
R* = 0.9991

= 0.108x - 0.0168
R* = 0.9952

1 2
Soil total Cd/mgkg-1

A 1EC, 2003

IRCHL R AN ]

y = 0.0571e" "
R* = 0.9991

=0.108x + 0.0178
R® = 0. 9952

0.5 1 1.5 2 2.0
Soil DTPA Cd/mgkg-1
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Plateau or time bomb?
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2000 [ Concentration of Total PAHs in

1800 Rothemsted soil .
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Time bomb: enhanced release

with time

y = 9E-119e% %%
R?=0.995
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Examples from Rothamsted and Xi'an long-

term waste irrigation

The Cu ,Cd & Zn plant uptake slope increasing after
cease of sludge applicafion in a 25 yr continuous

experiment plot

The Cu, Cd % Hg plant uptake slope keep higher in
waste water irrigated lands for 30 yrs than that
without waste water irrigation.
vegetables exceeding the guideline for human

dietary

HMs in leafy
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. 1960 ° [ Increased total Cd& extractable Cd(1967)
— — *
Q a
) 2
g 03 2
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5 ) 4 @0
£ E
B = 3 1 ;
a4 o y = 0.1485x + 0. 1845 z2o 0.1645x + 0.1049
£ 1 R® = 0.9415 S 05 R? = 0.9627
S =
— —
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0 0
5 10 15 20 0 5 10 15
Increased total Cd (mg/kg) Increased total Cd(mg/kg)
2 Cd 1972 27 1984
[0
§15 . = 1.5 -
o 2 : y = 0.21656x — 0. 328
£ = R? = 0.9182 *
XN T~
R el
o = PN
2 S 0. 2236 0.3707 c %D
3 0.5 0 * . B %0-5 B = 0.7683Ln(x) — 0.3656
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0 * s 0 |
2 4 6 8 10 / 2 4 §) 8 10
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-5 20W: Plateau theory

= BN % (K Reducing mobility
under increasing infuts

o VEUIE TSR (B Depressing il
uptake rates by biota under increasing stress




BCF (rice, Pb)

Rice in soil affected by mining

y = 0.0572x > 99
R = 0.6907

Log( soil Pb)

MR K G W BER g

N
[¢D]
&)
o

[
N—
fr,
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M

y — 17. 0126*2. 1325x
R = 0.9757

2 3
Log(soil Zn)




“Plateau: m

plant uptake in exponential response to increasing
INputs

BCF in continued experiemnts

ake \

S = DN W s~ 01O N

y = 2.0214x 122

y = 2.3028Ln(x) + 1.8409 :
R® = 0.9095

R® = 0.9168

L 2

Increased Cd upt

6 8

Sludge added Cd(mg/kg) 20 30
Soil total Cd(mg/kg)

R4 Chang et al, 1997, JEQ¥ k14
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TP
SO|I mechanism for plateau

= Soil aging 1 “%%

= Soil sequestratlon— [ m
= Enhanced degradation (£ HLi54ed)) 0




Rapidly reducing of soil extractability of
amended heavy metals ()

y = 0.2441x - 21.165 v = 0.197x — 25. 826
R* = 0.9875 R® = 0.9829

Zn (ext) (mg/kg)

1000 2000 3000 500 1000 1500 500 1000 1500 2000 2500
Soil total Zn(mg/kg) Soil total Zn(mg/kg) Soil total Zn(mg/kg)
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iInetics of fractionation‘in soll
during spiked experiment

Ref: Darmawan and Shin-Ichiro Wada. Kinetics of speciation of copper, lead, and
Zinc loaded to soils that differ in cation exhanger composition at low moisture
content. Comm. Soil Sci. plant Anal. 30(17&18),1999:2363-2375

Kinetics of added Cu during ]
incubation SO ﬂ

pH 6.1; SOC 8.81g/kg; Clay
44.4%; CEC 9.2 cmol/kg;
silicate mineralogy

0 20 40 60 80
Days of incubation

—— Cu-soluble ® Cu—exch —— Cu—oxides
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Soil aging and sequestration:

Plant Cd versus soil Cd Increased plant Cd uptake

(=)

o

°
y = 0.0824x + 0.1419

R? = 0.9128

o

Palnt Cd

y = 0.2702Ln(x) + 0.2331
R* = 0.9471

Increased plant
Cd (mg/kg)

o

2 4 6 8 12
Increased soil Cd due to pollution

(mg/kg)

s |REEA



Increase of soil and Swiss chard Cd as
increase of biosolids application

500 1000 1500
Increased biocolids application(T/ha)

Data source : Chang et al, 1997
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y = 0.4402x°-6538
R? = 0.9584

B
=
>
£
o]
o
Q
2
o
E
9
N
O
(o)
=

MgCl2-extractable Cd(mg/kg)

1000 2000 3000 4000 5000 6000
Soil total Pb(mg/kg)

N
o
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y = 0.2172x + 0.9085
R? = 0.9945

40 60 80
Soil total Cd(mg/kg)

The MgCI2 extractable as related to the total HM pool analyzed at the end of pot experiment for one

cropping with initially spiked HMs(Dudka et al, 1999)
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Sequestration of heavy metals:

Ol
o

Sauve et al, 1996 Richards et al,
1998

W
(e

L 2
¢
y = —0.0306Ln(x) + 0.1201
R? = 0. 7666

WL
o

DO
o

y = 3.7631x - 10. 857
R* = 0.9886

Total Cd(mg/kg)

—_
o

o

SOC (g/kg)
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Plant uptake: function of soil available
pool?

Cd in barley grain versus soil total Cd

L 4

y = 0.2172x + 0.9085
R = 0.9945

y = 0.1142Ln(x) + 0.2162
R = 0.9212

MgCI2 extractable Cd (mg/kg)
Cd in barley grain(mg/kg)

10 %0 50 20 40 60 80 100 120
Soil total Cd (mg/kg DW) Soil total Cd(mg/kg)

Data source:Dudka et al, 1996)
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