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Critical Loads of Copper and Zinc in Typical Soils Based on the Surface Water in Yangtze River Delta
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Abstract: As increasing of serious water pollution, the class I surface water area was becoming less, so forcusing on the class Il surface wa—
ter area was becoming more and more popular because the class Il surface water could be used as drinking water. This work selected four
typical soils formed from different parent materials( River sediments, Lacustrine sediments, Marine sediments and Gully deposits ) in the
Yangtze River Delta region, which were polluted through adding exogenous metals(Cu and Zn ). The amount of exogenous metal ions(Cu and
Zn) added 0.25, 0.5, 1.0, 1.5, 2.0, 2.5 times separately of environment entalquality standard for soils(GB 15818—1995). The desorption of
contaminated soil samples using simulated rain and acid rain were studied. The critical loads of four kinds of soils under different conditions
were calculated based on the standard critical loads of copper and zinc in the class Il surface water. The critical values of heavy metal ions
pollution should be adjust for appropriate numbers for different soil parent material. By this way, it would reach the standard of class Il surface
water, and would not be danger in people’s health and security.The results showed that: under the simulated acid rain, the critical loads of four
kinds of soils based on the class Il surface water standard were 10 002 mg-kg™ Cu, 848.1 mg-kg™ Zn for SEBC-06:1 162 mg-kg™ Cu, 612.9
mg-kg™ Zn for SEBC-19, 9 796 mg-kg™ Cu, 1 047 mg-kg™ Zn for SEBC-20, and 720 mg-kg™ Cu, 180.2 mg-kg™ Zn for SEBC-25.

Keywords: simulated acid rain; parent material; copper; zinc; surface water; environmental capacity
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1.1 K 1%

i IR IR 1, PR ISR
HAPRER ARG, W ESTE JRE5,
1t 80 H g g o
1.2 BRIFENES

3 IR — B BE R, AR R & A4 |
PEVRUEVE W, [ BCBEREROR S, B AT, i A
W PER & R A R o I B = AR
(43314 400 mg-kg™ F1 500 mg-kg™)AY 0.25.0.5.1.0,

1.5.2.0.2.5 1%, FAPGERIARDTES , 13 55 4 o
1.3 fRRiXLE

ST BIRBGEE 5 YL £ A% 1.000 g F 50 mL ¥4
BT, B 1:220 23N A B LB
pH >4 3.0.4.0.5.6 FAEEHDL I 7K 1R TR V5 YR (A 4DL W 7K
B W 2) , 7 i AVE IR R G K A R IR RS 12 h,
B — B RS BOE B0, 13 0.45 pm AYUERE, hEX
IEW, SRR KO TR I B0 R R A R Y
W B TURE B R B R R

2 GHRESH

Fe I M FK IR R B AR E(GB 3838—2002) L
RE T A RMFK P PR OHRE , I3k 3 B

3 HbRKINERERRE(GB 3838—2002)
Table 3 The standard of surface water quality

TR 1% IES IES V% V%
Himg-L'< 001 1.0 1.0 1.0 1.0
Brimg-L'< 005 1.0 1.0 2.0 2.0

2.1 5E 1 (SEBC-06) L IEAARREMIER THIHE .
HINERE

Kl 1 N ARIBRFEES T SEBC-06 + 347 . #2610
fER AR

M %+ (SEBC-06 ) )4 i W 1 7T I, , BB B 40
FRT pH BT, 4R A ff R ok B T %, FHh pH R 3.0
B, 6] 04y e KA Rk FE Ry 0.28 mg - L7, IR F iR K Y
10 287K bR LR, 10 BH I st A IR A F ) %o 2 7k
A5G, pH A 5.6 B (B AHIK ), 8 5 K AR
Wk BE R 0.138 mg- L, 4+ 340 & & f 100 mg-kg™
B, R R FE N 0.014 mg-kg™', NIRRT 287K Babn

®1 il REAMER

Table 1 Physical and chemical properties of the soils for the experiment

Hi5 THER&E M TR LR OM {§ */g-kg™ pH{H Cu/g-kg™ Zn/g kg
SEBC-06 TTHVE B ALY B4 6.20 7.39 36.86 103.7
SEBC-19 WX iV iENT AL HLER 18.93 6.78 30.51 96.18
SEBC-20 LT AR bt 6.33 8.30 35.19 103.9
SEBC-25 LA VAR Y HIRWH 4.15 6.66 16.70 49.78
W ARBIAVES R,

= 2 ERWAKBIES (mg-L™)
Table 2 The composition of simulated rain(mg-1)
pP(K,S0,) pP(CaCl,»2H,0) pP((NH,),80,) pP(CaCO0;) pP(MgS0,) pP(NaOH)
3.14 16.5 10.0 3.75 5.0 6.9
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Figure 1 The desorption figure of SEBC-06

HEESRAY 0.01 mg- L,

M\ 555 4~ (SEBC-06 ) B ¥ Af W PRI AL , B A A I
W EREE BEPIR N pH A= RS, ZE LIRS &
7 250 mg-kg™ BIELLT , pH 2 3.0 B, BERAR IR MR B
BT HFRAK V AR FAREEESK , 76 pH 2R 5.6 R
WKW S, S ELE 1000 mg-kg™ B 8F 1
Wk E A 0.700 mg- L7, +3EFFESELE 1250 mg-kg?!
BT EER AR EE R 1.512 mg- L7, RBAEE A FRoK 11
2 MBOKE#ERR. HI, FEIEHIELA T, LS
BRI A ETE 1 000~1 250 mg-kg™ Z[A],

HRYEE 1, % 5% + (SEBC-06) 4 i e #1728
PG, A BT FREE RAAHRE L 4,

IR 4 BB EEE T, 856 & KHERK
T AR B RR A, THEEA R G L T A S84
R BIR A IR B A R, 3R 5 PR,

MF 5 BT LIE B, 76 pH5.6 BRI 7K A
WAL T 4R M KIF A &M 10 002 mg-kg™', T4F

R RIEAERN 1025 mg kg™, UMY 1/10 2
A, AT D0 -3 v R R 25 ) R R T T R T E A b3k
T8 RGN B 2SN RE D SE R , R AT DL B A
Bt e . BRI E A R E bR R E
B B = BARUES R 400 mg kg™ F1 500 mg-kg,
=X A FROK BT R E AR Re 2 I 28K B, B
K R BRI 2K FOK TR
B - A BRI IR AR B AT R, T LA R B, pH5.6 /Y
KRR B , 123 + (SEBC-06 ) - S84 ) S 5 25 &
10 002 mg kg™, iX 3| T3 = FAREST B 25 54
AL BRINE AR 848.1 mg-kg! B LR =
e 69.6%, MHEFKIARREAEN S, ZE L
(SEBC-06) 138 4 Ay v FRAEA 7] LTS , B 945
YERRE AT AE 05 o
22 HEIR(SEBC-19) T IEARFEEEFIER THIHE .
HINERE

&l 2 2k SEBC-19 TEARRIBRFIIE I T 41 . BEAYf%

& 4 SEBC-06 {1 . @B EMAHE
Table 4 The desorption equation of copper and zinc of SEBC-06

TH pH3.0 AR pH4.0 ELHIBRTN pH5.6 AR
Cu AR PRI )y 22 y=0.000 26:40.015 1 R=09945  y=0.000 1x+0.008 5 R=09577  y=0.000 1x-0.0002 R*=0.996 0
Zn AR A R y=Tx10°4150°  R=0.964 7 =0.022 2" R=0.963 3 ¥=0.036 66" R=0.941 4
& 5 SEBC-06 EAEERMER THIHE HIRERE
Table 5 The basic loads of copper and zinc desopted by simulated rain from SEBC-06
WA SR BUEOR B4R BRI A R /mg - kg™
e 1 237K IESEIE.YIN IVihFRoK \ES:iEiR
Cu Zn Cu Zn Cu Zn Cu Zn
pH3.0 FR TR AR 4924 498.2 4924 498.2 4924 781.4 4924 781.4
pH4.0 BRT AR 9915 928.5 9915 928.5 9915 1097 9915 1097
pH5.6 BRTH AR 10 002 848.1 10 002 848.1 10 002 1025 10 002 1025
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Figure 2 The desorption figure of SEBC-19

WAL o TT DA S, 4 B AR A TR ViR P R b A A0
W pH MIF+ = RS, HR7E pH3.0 BEHIBR I Y A B K
FRW RN 3.8 mg- L, LT T &2 FK K
JEARE , 7E pH5.6 BEILURT 7K A 0 B A S5 I vk B
1.19 mg- L7, #ad [1 2K b R /K WK RESR , @ hR R A
20%. [FIFE,BEFE pH3.0 IR N AR IR BT Py B R I
WK 9.21 mg- L7, B &2 FK MK bnitE,
7 pH5.6 BRI 7K B A e KAV Bl 5.47 mg- L7,
FATIV ., V2 FAK KR ER , AR RN 273%, 1R
PEE 2, %t SEBC-19 - 3EMfR TR TS, A
LRI 6,

WRYER 6 WG, 456 & KM FIK K BidR
HETHE 1535 208 (SEBC-19) +- 4R Br e AR
R ENL TR RAENR 7, TLUER, HLR
(SEBC-19) +3E7EW & &I FRAKK K A 1F L
T, RABEAR: M7 pH5.6 BEHIF KA A 1162
mg-kg™, BETE pH4.0 BALBER R BT A 732.3 mg-kg™, [A]

FE K PR B =GR AN 3 T I 2R bRk 3T
B R BB AR BT LA, T AR 3R, pHS.6
KRR AT , 75 2808 (SEBC-19) + 584/  EF IR IE 25
B R, BT 190%, BEHT
22.58% o X} M FIK IR L BAETT & , FH £ (SEBC-
19) 43 Hr 4 19 = AR ETR 7T DASE M 058, (H R
KREBECLEARZ, HRIMRHEREAES
2.3 M8+ (SEBC-20) HIEAARREMIER THIHE .
HRERE

&l 3 i + (SEBC-20) 78 A [ R W A W A I
T BRI AR

W 1 (SEBC-20) % T &1 5 & 2 + (SEBC-06)
I VB (SEBC-19 ) I A FLA L, MR £ (SE-
BC-20)f# "R i HLA 7 a2 8 Fivn .

RIEZR 8 A I 7 BN & 2 A b R /K K JBAm 1
THE 1 A9 RER] 1 (SEBC-20) 3 Fh 4 BEnis 2
9 Fi7R o AT AE H , ¥R 1 (SEBC-20) T 3E7E T I 55

& 6 SEBC-19 {1 . @B EMAHE
Table 6 The desorption equation of copper and zinc of SEBC-19

BiH pH3.0 BHIRRTR pH4.0 BIRRTH pHS.6 HAIRRTH
Cu W B EHE y=7x10"%">  R?=0.952 9 y=0.012 5¢"™* R’=0.926 7 y=1x10"%*45  R?=0.918 7
In R ERIGHE ¥=0.009 8x-1.2051 R*=0.972 4 y=8x10"%**'% R?=0.994 4 y=3x107x*  R*=0.961 2
£ 7 SEBC-19 EARBWER THHE. . ERESE
Table 7 The basic loads of copper and zinc desopted by simulated rain from SEBC-19
Wi R 2K BUESR B9 B PR A B /mg - kg™
T I 283 5%7K MR IV2tigeoK VigRK
Cu Zn Cu Zn Cu Zn Cu Zn
pH3.0 FRTH AR 587.5 225.0 587.5 225.0 587.5 327.0 587.5 327.0
pH4.0 FRTHRAFR 1043 578.1 1043 578.1 1043 7323 1043 732.3

pH5.6 BRTH AR 1162 612.9 1162 612.9 1162 612.9 1162 612.9
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Figure 3 The desorption figure of SEBC-20
& 8 SEBC-20 {i . ¥R EMETE
Table 8 The desorption equation of copper and zinc of SEBC-20
e pH3.0 BHIERTE pH4.0 BEHIERTE pHS.6 B ER TR
Cu {2 EHEH ¥=0.000 1x+0.049 2 R?=0.943 ¥=0.000 1x+0.031 8 R?=0.990 8 ¥=0.000 1x+0.0204 R?*=0.995 4
Zn fRREHGH R y=0.011 3™ R?=0.905 2 ¥=0.003 8e™™% R’=0.964 4 ¥=0.018 7*®% R?=0.997 9
% 9 SEBC-20 EAREMIFRL THHE. . HHRERE
Table 9 The basic loads of copper and zinc desopted by simulated rain from SEBC-20
Wi R 2K BUESR B9 B PR A B /mg - kg™
T I 283K IPSIEYR V2K \ES:iF.v3
Cu Zn Cu Zn Cu Zn Cu Zn
pH3.0 BRFUAFH 9 508 896.6 9 508 896.6 9 508 1035 9 508 1035
pHA.0 BRTUAFH 9 682 960.8 9 682 960.8 9 682 1 080 9 682 1 080
pH5.6 FRTR A 9 796 1047 9 796 1047 9 796 1229 9 796 1229

RKFRAKFERMBLT , RAAEAE: HE
pHS5.6 B /KA 9 796 mg kg™, 54 1229 mg-kg™,
¥ R B =GR T MK TR
T3 B A BT R, W LB Y, pHS.6 MK
fEIR T , MR+ (SEBC-20 ) T 3840  BFRY A 25 RLAR
it = bR AR B T SRR 24.5 75, B
B = HARER 2.0 5. W HFAKIABE R BT S ,
SEBC-20 374 B = Bbn R v] LASE 24 58
24 EiRFA(SEBC25) 1 EAARAFBWBERLTH
OERERE

&l 4 R E RS H (SEBC-25) + HEFE A [F] B T £
WO T R BRI R AR AL

# RS H (SEBC-25) - % W 1 57 = Fp 1 3
R SEAHLL, %) 2 Ve R> H (SEBC-25 ) fR I & i)
PIE RN 10 Fis.

HRIER 10 LA RME M FAKOK BRI
B R RD H (SEBC-25 ) T304 A B A B

£ 11,

MZFE 11 FTLLE H , E AP H (SEBC-25) T 37
T A 2 FRAKOK R ESR S L T, 76 pH5.6 BIERT
R R RIFRERERN 720 mg-kg™, K 277.3
mg-kg”o HEAFERH B =R T M2k
KRR 3 . B A RITIE, TR,
pH5.6 MK fi# e B , # Je P H (SEBC-25) 1 58 4 (1) 34
BRARRE T 5 = BRI 1.8 £, B Lk
T A = HARMERY 36%, ULBHTE BRTTESL T, S RY
SHARER BEAT A BIR (B R B = SR vE RN M R
6, YT FEVRRD H (SEBC-25 ) 4398 13 122 i 8 5 i 2%
FIBRIE o

FERIE T IEFRUERT, N5 I8 IR A,
SETHFRKER T REAE, T =E
1, W] A B SRR B RS B A T AL
2.5 4 Fh AR BRESESIRERLE

IR K . BRI LTS Y+ S A AR TR
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Figure 4 The desorption figure of SEBC-25
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Table 10 The desorption equation of copper and zinc of SEBC-25

WE pH3.0 BEHIEL TR pH4.0 BLLIFL TR pH5.6 HEHIELF
Cu fAR AR H y=4x10"%""%  R?=0.985 2 y=0.003 2x-0.3253 R’=0.984 3 y=3x107%*%°  R?=0.997 3
In R E RIS H TR y=3.79141n%-15.669 R>=0.968 2 y=0.010 35-0.664 R?=0.974 3 y=0.010 3x-0.856 R*=0.968 3

& 11 SEBC-25 EARBMIER THIR HHREEE
Table 11 The basic loads of copper and zinc desopted by simulated rain from SEBC-25

WA SR BEOR B4 BRI PRIE A R /mg - kg™

WiH I 23K I ESIESIR IVihaRok VoK
Cu Zn Cu Zn Cu Zn Cu Zn
pH3.0 BRFI AR 3734 81.10 3734 81.10 373.4 105.6 3734 105.6
pH4.0 FRFU AR 414.1 161.6 414.1 161.6 414.1 258.6 414.1 258.6
pH5.6 BRTRAFIK 720.0 180.2 720.0 180.2 720.0 2713 720.0 2773

FLEERTHIZA G S AR O SOR AT T sip

TEMI/K . BRI o 2 M2 ek R Bk 1 - 4 -

G BRI AR, SRR IR I T 4R BRI (VFEARTR pH BRI BRI (AR L T, 3
AR S REET I B TA R THSRAOK R . SR A R R S R T
5 BT R BRI A, BASS SN 12, pH BRI .

R 12 4 MLEE HRERESRENILER

Table 12 The comparison between basic loads and standard of copper and zinc

WH Wi M8 RAKARER MR AR B/mg kg HE=ZnMER S/mg-ke™ BIS FRUEREBoR L
SEBC-06 Cu 10 002 400 25.0 AR R BT
Zn 848.1 500 1.70 S 5E
SEBC-19 Cu 1162 400 2.90 % M5
Zn 6129 500 1.22 & YT
SEBC-20 Cu 9796 400 24.5 ALV KRR BT
Zn 1047 500 2.09 1B Y 5E
SEBC-25 Cu 720 400 1.80 S 5E

Zn 180.2 500 0.360 LN R
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