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W O EARARERERY, AREANHT, ¥ EMEREEF R Fe,0,-Hg, MnO,~Hg
588 T EERMELR, EELEGRARREESROERNERMEED, HaHK
RERHETYEERMER. KEHERERENNE, BEARMTPEEESRELEN
EMSHNRNBEBERESHEARES, Y RGBSR, LT Y5 HRNERE
HHEM X,

X  BEM, TUEAR, BEREH

hESHES  S1536 22

WE R, Rl HEEFREK 90% U L AT YEES, HHERK. RAMTERERTR
B KEHIAERAL), E5EANYEE. RERXMRE, RIPFEIKRS XK.
BRXSEHEER, T HEE, X—MBESREVYBRROREREEZBANMN G shHIE
1, HERRE, BESEEGERMELEE, REAK I EYER? ZAEEERE5EH
YEM R R K.

BRI ERNEN, BEETRIERLAR. AT ROZEEH. AETFHNES
FAWRRBAIREBERSEAR. BERKETEPLEMBREFENEEY. &Y
BT WS REENZ M A E R L EREEZ RN XE. hTHERARY
B HGEXS. BEHNTHERHREAFRAZTE®RH KD, KRN EBHRES RS
AR ER L, A Stevenson™ J7 ¥ i# — 4 45 5 B8 4 B8 0 4% 8 9 4 AR (Brown humic
acid) 5 K B8 AR (Grey humic acid), L ERL, MR RMAE, FiTZ=MEHEKRA
t (FBR, IR AR K AHER) X LR RIERHT YL S K (CaCO,-Hg, HiIK +
-Hg, 1@ 1 -Hg, Fe,0,-Hg M MnO,-Hg) T %, KEI B 54YEH =77 W69 & m K& K
P, X AE R T ERENE, ABRKTHAAT AR LHEREE, WHENESDHETIBR
300 $i R

*EERHEE L AESTEINE (S 970601)

w REPEHHERER IEARFTANERLEHR
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1 MESTE.
1.1 ghgere

L1l HEMTYEEREHE& 2 BI7E CaCOA.R), Fe,0,(A.R), MnO,(A.R), F & LM HE L+
i Hg (NO,) ¥, B85, K8 Hg BiA He' *8ug/ g 99, EWTERAL 7 A, KT, EH, i 0.25mm 5,
#H.
112 =MEMMOHE  EERM ETEEAIBMEEN AR, # Stevenson i k#1748,
8 E BEE (Fulvic acid), 32 @88 (Brown humic acid) fIK 2 518 M (Grey humic acid). BEA&F k.
BEEMAHBTHE, MERAGEpHE 2.0 GHE, FHRIIEEVEER, JgE VHER, BO, B2
HOE, S SEHERETHE, BINEMEE Ca(NO,),, B E, 8.0, FEITIEE VREHRR, FIEH
HKEHEE, B oMBARASERRKAS(<40C) LRE. A% TRE, BTHME, BREHS, £B
I, 52 B TP S . AP RE S R MG — B I AEAL B, RRIES AR B MBS 5 —
B BB 8 = RS B A 4 1 B A D — KM TR
1.2 REER

EETYEERURBEFS He' ' doRRMEMBEARAS, #TRNERT BEREAR. [
B 15 B AN o O B R ot B 4L B
1.3 ABAHZE

PHRKE: ERFEEN 10em MBI ES, RIMBERNETOESRABFEHE, HE X
A0pg, FRILLEBREN Tsmg W ZHBHEMAS LB, ZFABAKIFSRNY K2g/ e¥ . WEL 4ml 5%
KMnO, + 5% H,SO,BA B I RN REOR™. I EEEMME, FH, €30 £ 2CTHE, &
39 A2 B0 32 B SF IR MO R S KMInO, M, BRI, WE Hp MRS B, IR R AR, BRI,
NERNERFHREE., SCRER 2K, AEEXAZA, FHRRAE 82 X, tWE 18 K. KU
SnCl B, L YYG 2R R F R AWK ME,
14 BHEMERTHESKELEONERR
141 FYRROBERARMENNE  SERRHEAR: RREAHEEKYT Y 2.000g #/A6, BT 100ml
BOEH, S RIMA Hg' P KE N 1,3,5,7, 10,20, 40,60, 80mg / L 0.01mol/ L Ca(NO,),i Hg’* ¥ #, T
25 + 2C H B R P4 120min, BL, METFHBRPREE, FHREK HEAREETET IR
T bt &, LA Langmuir FBRMAX C/ Y= 1(K- Q)+ C/ Q, THBEKXEHE Q .
142 TP ROBMHFEEILBHEEHNITE WB 2R, AR RS LR T 10.000g
#A 2000ml & Hg’“8mg / L 0.0Imol/ L Ca(NO,) #H, M T/F, £ 25 £ 2C T#E, ¥ F 0,05, 1,2,
4,5,10, 15, 30, 60, 120, 240, 480, 960, 1440min B 53 F1 R B Sml B, 02 HoR W E, BORE, HHAER,
Bilbkr &R, B—HAMMERKER,

AHBEENTE. ST ORERN S EBEU- BRI A% RIS, BRI, REHFH ¥
FHEER K, =(C,—C)/C50G = — RTInk WX R, HREERM B B e,
143 BWESRMEEST  BESE R (6] 7 E#T.
144 BAMMIRNESERSEAREFEWNE BEMMIROEEERUSERKENE. &
AREERVEMBEENE. 4R E 15mg B =FEBEMAH. M 0.01mol/ L NaOH #&##, £m—
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ERM Hg®*, 3 Heg'* / BRBE/RE N 0.025 1 0.035, ¥ pH, FH @A ZE 50ml B, pH 57 3.50. [
B AR 83 8. LUARHE NaOH(0.1510mol/ L) & 45 1 & & & P BR R B, 105 NaOH T2 SR
WH pHE., HEEBWAEARSKENEEHERL. & Schnitzer”, DU H i HHEEARE ¥ .

2 ZREITE

2.1 BESKHOELZH

BRERGFRAEURERAIRRR. KARFHT, FRSKRRALFANELRE,

RE 1. EiRKME, H " MELARER, &
68.0%, RPKBUHE FERRBAKRESH
BHMREREAY—F. BHRESESER
PEERAEKNELRFEELD 66.2%, LK T
He' ", RATERENWERY; IR AHHBREKRA
IR o 80 R R Y 18 & S A 8RR, 4 B R
13.7% # 10.4%. ¥ ¥ 4 & K #, CaCOs-Hg
BRUERE, BREER 2%, EREAGERN
EEWERT, EREN 52% M 3.2%. gt
-Hg M1 & % + -Hg & [a], 4+ 5 K 13.9% M

[= ]
(==

4
<

% of volatilization

ERANE (W
S
(=]

Hﬂl—lﬂl‘lmm.—.L.

1 2 3 4 5 6 7 8 9
KRE
Hg form

1 R(Hg™") 2 B BME (Fulvic acid Hg) 3 BEL4S
& (CaCO,-Hg) 4 B 15k (Bentonite-Hg) 5 =&
B B X (Brown humic acid-Hg) 6 KB M E
{Grey humic acid-Hg) 7 & % 1 5K (Kaolinite-Hg)

(=]

8 F LK (Fe,0,~Hg) 9 E ALK (MnO,~Hg)
K1 BRESRENERETE

Fig.1 Volatilization percentage of Hg from

8.2%. EXERFEREKRK I HE > BE
MK » CaCO,~Hg > id +-Hg > #x & H
MK > KOHBERE > HmKtL-He >
Fe,0,~Hg > MnO,-Hg. XJ & &Y Bixt R 55
AREAKIBEHKF. RELXEER, RURSYREINSSEEME KEEEE. WA
1AIUED, EERREVYEEGRZEAEHERER, WEAIEERK. FAPEBREM
KEHEMRET WESREAMWEEERFE/N, EERM, B@HEERE, KEN Y46
ARG EAHBN, B2 REREYTENESH SRS FIH, #MEERESE, BY
FRIGEEBK, RWFIBBEE.
22 BEBRMTYEESRELZENEME

ELMTYEARFAHNENM=FEERE, HEXRBAAREEN L, RE 2.
BERATYESRERMNEMET YRR, MEESEA RN ELARIAREEY
e Ve, R H 5.22% 1 3.18% KB 49.8% Ml 60.5%; Mk L4585 RMIELE
HEEBEROFEN EAT 8.7%. M, R EHLIESRNBRGEEREAN
MEER. HAERNESEFH—SHE. BUXTER T _EMSEENREZE T
Ca"—HHEGHEE BRIEHEA A, FHEEMA, 5 - EHhEE TS RER g
ERRGVYRINESBEEY, R E BT & T84 R IE KM —FR R BORR.

REAERNETYESRNEL BRI RHEEMR. SHBEHEL, ETVYRER
RO HHEK 4.65%~20.72%. EIFAHERNEMKESRNELBENH, KELEN
o3t BB 94.8%.

different compound containing Hg
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N BMKEHER
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Hg bound by minerals

1 BMAEER (CaCO,~Hg) 2 1R (Kaolinite—Hg) 3 BZiE 13K (Bentonite-Hg) 4 #4LLSK (Fe,0,-Hg)
5 #ALER (MnO,~Hg) 6 & (Hg'™)
K2 BMEABNTYEASSRELENER

Fig.2 Effect of humus on the volatilization percentage of mineral-bound Hg

K EH B M CaCO,-Hg, Fe,0,-Hg# MnO,-Hgl/ R RAFHMH, (I IE R &5 51
K3t BB 91.7%, 87.9% 1 40.9%; 3 A L&A KM E LSS RNWELNER —E R
HER, ZEERRSH 3 RK 2.0 58 1.2 15,

AUER,BHARMNTYEESESRELENEMABEARIT YABARTR. X
FOREF WA RSHAE, S REHBAY P He WS, U RBHERS T Y
Ve R R 1 i — 2 T,

23 BEBRMNERSKEBEEZEXWERNRERY

231 ZMEEBRMRMESEER  ERiTRF, TUER, SEMATYRERHELE
EMEIEREL, HEmARER. MAKCHERSTURELENEN AR, KRS
ZRRVBEMIRORMEERE, b Heg88%ug/ g ik, i BB BIKZ, I Hg565ug/ g
B, K 0 B B R B S B R, OO0 Hg322pg/ g B (WE 1). B, BB Y RIT K
FmMASHBEGABAEX, BEEFRBA, HEHRFL 8L, BRI HEE,

BERERNEAREHURATEER, FRAL 1. ZERERZHEHRAS
M_RBEREFBKBEERT - REEGREFHK,, RUBHARSRIESTRE
BEMBESSEELEEFHHES. A LB —MESGRE KOREMRERNESR
EEPHMBEKR, XA _HZENEEBREHER. MEERSRMESREFTEE/N, =
FRARENBRE FAPERN K ERTERER, SRELNBLEANRAAMY
MEE, FEFA TEZEIEER., SHEEARAS I RN EAREHERTHESE
MNEEND FEMFIEA X, ERRNEZET S FEB/IWAHASY  MABHEREANR
Z,HHSFRIMF AR LB, REVLE-—MBEBENE S KEHERE %5
FTEERRWEAR, ELEYETRAKBAR D, 4 FRF RS, BN K T E
MRS TFTRECESGH, HESER. —HEERRNERARARERRNA, . TERRER
PER, KEPRMRERERS, B BEARN RN EEREEREENE S RENE
IR, e R E B, T SR EN K, EAERE.
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®1 ZHEERSH HEREHY

Table 1 Complex—ation charactenstics of the humus fraction with Hg

B L PAES Hg/HA
Humus Adsorption capacity (mmol/cmol carbon) K Ki
(Hg pg/g carbon)
HEM 889 0.25 1.46x107° 327107
0.35 9.44%10~" 571x107°
RemEm 565 0.25 1.31x107 1.44x107
0.35 1.15x107° 4.99%107"
WA 322 0.25 7.36x107 7.68x107°
0.35 2.96x107 2.09x107°

L MRS ARBRE T B AT YR E R B A A, 3R AR

PEMI PR BT 45 4 RIIESE, BEMRA RN A A BRE. % AR RIE, RAH X
YR BRI 2 AR A, (B 4 A TR HE AR, S A 0 S T B R B e, AT
RIXT Y RBBOIE RS, KOS BREGHR, B R0 S &R,
Btk A R B , S0 R S R R AR X B3, 6 R BN B,
232 WABAMEWEEREREGFMEZT W RORFEERNY A —RER
R R WL ARG AR, X204 55 W0 RBISRER X, £ WRERY
Wt B AR A B SR IR, T4 1L 5 xR BRI 5 B AR (AG)
BB, HRFITX 2.

Ko, B AR M BB B IR R MnO, > Fe O, > B+ > &4+ > BEms,
MnO, it & T Bt 75 B8 K, CaCO U/, W% 574 B i REZE 8 . MnO B IR Y B o B 7B
AU — S, B A R L R 5 K 2 AR s CaCO, MR B i 2, JL A8 ol B U
H—BREEHE, RN ZS FRENGE, TUET, &5 90 R 2 & 58
5 B 45 4 TR OB S P 2 A

%2 TUNENRMRRSERS @S

Table 2 Adsomption characteristics of minerals with Hg and its free energy change

Y WM AG
Mineral Adsorption
Ok pg/g K% Bt r KJ/mol
WERES 106.55 0.0734 0.9807 2.232
=1 115.48 0.1162 0.9773 1.768
2 392.10 0.0522 0.9680 1.313
Fe:0s 41782 0.1746 0.9684 1.278
MnO: 474.14 0.1944 0.9753 ~1.260

YRGS NRERTRE, EMNZBEREN LSS REIFERSTFHRE
REEE, XATHAERSRRE, k3. TLUFEH, KRGS ER EELUKELRS
MBBSRE. FERELYEERENMESTRAYINA, EAFRNKBESLTH
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TEUER GENRAESHUAER. BERERBLASRUWUARBESSRESHE K
F,BRLEGRKBRBSHRESERE 45 KkR, EERBESHHER. TLUE
B, WA SHRESILEBE, METYRNEREBETE. KBEXBRESNRESL G
B, M85 RIE R,

R THEAROEESTH (%)
Table 3 Species distribution of mineral-bound Hg

TYEER KEZBRE RES B V3 -

Mineral-bound Water soluble and Acid Alkali soluble Residual
Hg exchangeable soluble

KM 2.5 72.5 - -

kK 249 13.6 342 273

FALER 0.78 34.1 25.32 3938

B 1 17K 10.3 18.2 9.6 61.9

i 1 R 59 28.1 11.7 54.3

ErXABT. VYL RBESLORE, RESIHBEE HEREZTEERR
HEE, WHEEENMYEaR. TYFARMBESARESHERRE, A SR
BE. HFOAHRMEEARRAFERABEE, WRRERRE SR, KAWERDAR
B, BXR ARBHERTERS DT UESROARESREER, H#TEEELIER
.
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EFFECT OF HUMUS ON THE ACTIVITY OF
MINERAL-BOUND Hg

Yao Ai—jun Qing Chang-le, Mou Shu—sen

(Collage of Resource and Environmental Science, Southwest Agricultural University, Chongqing 400716)
Summary

Experimental results indicated that fulvic acid can significantly promote the
volatilization of MnO,-Hg, Fe,O,~Hg and kaolinite—Hg, but suppress that of bentonite—
Hg and CaCO,~Hg. Generally brown humic acid can enhance the volatilization of all
the mineral-bound Hg except for Fe,O,-Hg. The effect of grey humic acid is the
weakest. The influence of humus fractions on the activity of mineral-bound Hg is
dependent on the complex capacity and complex stability of humus fractions with Hg,
adsorption capacity and adsorption strength of the mineral with Hg as well as the
interaction characteristics between humus fractions and minerals.

Key words Humus, Mineral bound Hg, Volatilization



