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Effects of Temperature and Humic Acid on Adsorption-desorption of Hg®* in Brown Soil
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Abstract: The effects of temperature and humic acid on Hg®" sorption-desorption in brown soil were also
studied. The results showed that the Freundlich and Langmuir equations were the best for the isothermal
adsorption of Hg”" on brown soil at different temperatures, followed by the Henry and Temkin equations.
Humic acid promoted the adsorption of Hg*" in brown soil and weakened the desorption of Hg”". With an
increase in reaction temperature, the adsorption capacity of Hg”" in brown soil increased and the desorption
capacity decreased. There was a good correlation between Hg”" adsorption and desorption quantity in brown
soil at different temperatures. The adsorption of Hg*" by brown soil before and after adding humic acid was
a spontaneous endothermic process. Temperature increase was beneficial for conducting the adsorption
reaction. This can provide a theoretical reference for the study of Hg’* transport, transformation and plant
toxicity in brown soil, as well as for environmental risk assessment.
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Tab.1 Basic physical and chemical properties of the tested soil
CEC HHUG ok BRI (% )
P [emol(+)/kg] (gkg) (mg/kg) >0.02 mm 0.02 ~ 0.002 mm <0.002 mm
6.55 17.01 16.21 0.048 64.55 9.78 25.67

1.2 #ikfE #Eﬁa

AL T B M AT BR S wl AL, SRR R &
472.60 g/kg
1.3 ZFFRINME - ARIRSCIe

(1) WRFfFSEss,

PRI IR AR T SR T B AR, i S AR
FEABIA 0 T 10%, FEAS[R] AR AR R 15 R ik
il 1.0000 g ( £0.0005 g) ET 50 mL B0, B
A — & ® 1 Hg™ #2330, LA 0.01 mol/L f¥) NaNO;
Ve SRR R, o H™ 1 R T S
0.5. 1.0, 2.0. 3.0. 40. 5.0. 6.0. 80. 10.0mg/L,

s

It =11 20, F15.25.35 CEIENRG 4 h,
B0 10 min, 98, SRR SO0 E B

T He® YR
(2) fRIREEES
B 0 P 3 95% 1T RS T Uk
CAZRBRIGETHC) J5, 2351 A 0.01 mol/L )
NaNO, % 20 mL 4T SL5, 15, 25, 35 °C
TEEIRY 4 h, B0 10 min, F¥E, R TG
JEREINE B He” WRE .

- MRk H® R S T M g s A S i
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1.4 ZRIpAER"
Langmuir J7FEEIE R /0,7 1/GuinK 1/ Gugmo
X
o— W ME#rgh He™ W (mg/L) ; g,,—Hg™
W (mg/kg) 5 Guem—Hg"" IR (mg/ke) ;

K — B - SRR 2 i 1 I B s B I 1

Freundlich /7 #2&IA3: Ing,=InK,+(1/n)Inc,

X

q..—Hg™ Wt (mg/kg) 5 c,— Wk B 1 i
W HE™ W (mg/L) 5 K— W T3k 5 4
i 5 - Z [R1 R o e B PR o

Henry TFERIEA: ¢ e KA.

L

qu—Hg" W BB (mg/kg ) 5 o— W B P i 7
HHg” W (mg/L) ;5 A MK, YR

Temkin FFEERIEA : ¢g,=4+Blnc,.

KA

q—Hg IR (mgke) 5 o— WP
He™ W (mg/L) ; A B¥RHEL
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1.5 INMi=. BN=EiTE
W Bt g (mg/kg )=(cy — ¢) x ¥/ (1000 x W)
fift s g, (mg/kg) =c,x V/ (1000 x W)
K
co—Hg" WIEUEE (mg/L) ; c— WM FAGI Hg®
W (mg/L) 5 co—fft W F- 5 I He™ #e JE (mg/L) ;
W—LIERE AR (g) 5 V—PH5R AR (mL) .

2 #ERE5VE
2.1 WRHHFAE

O REL R B AR AR R ST A0 T I - B0 SR )
S i e LRy L EE N EPN AN

JEAE R B RE IR PR B R L . R M L far, 34
Bl B s @A IRERHE 7 Hi; @A
U R ORI FE R T AR @02 — P R WL AR
OR/AREMIEEE R .. X—BIEIE T EX
BT AR e . He MG
WREAE 0.5 ~ 10 mg/L {5 Bl N ZEAT LB i 98, R
A Langmuir 7 #£. Freundlich 77 #£. Henry J7 2
Je Temkin J5 20 AS [ il BE B AR BT He™ 1) 55 T
Wt R AT LS, TRME SR 2, W
B, X 4 PhoOT R YRR A M R AS TR R AR
HEXF He™ AR B L FE, AR G 2R 80 wT
PA Freundlich J7 £ #l1 Langmuir J7 f2 i i, HIXZ
Henry J7 F£F1 Temkin J7#2.,

2 TEAIERMF RIS HHIEE

Tab.2 Sorption isotherm fitting eigenvalues under different processing

Langmuir J5 & Freundlich J7F#
Qb T (°C)
Gadm K, r K, n r
0 HA 15 227.27 1.2941 0.9986 184.19 1.2413 0.9986
25 312.50 1.3913 0.9983 271.41 1.1463 0.9992
35 526.32 1.5789 0.9997 307.04 1.1559 0.9999
10% HA 15 294.12 1.5882 0.9993 230.53 1.4010 0.9958
25 384.62 1.7333 0.9999 365.88 1.2503 0.9944
35 555.56 2.9446 0.9967 422.06 1.2950 0.9986
w24
Henry /% Temkin J5 &
Qb i (°C)
K, A r A B r
0 HA 15 0.1662 15.711 0.9922 144.41 44.708 0.9399
25 0.2698 10.295 0.9962 168.74 49.382 0.9298
35 0.3055 11.961 0.9944 177.00 49.522 0.9333
10% HA 15 0.2021 25.968 0.9749 160.57 41.240 0.9535
25 0.3661 19.448 0.9869 191.04 47.431 0.9507
35 0.4685 19.493 0.9886 199.01 45.487 0.9387

#J7 FEX A W A9 1 B S Langmuir J7 72
B Qg BESWEZ IR IRAT T BRI B 5, 3
328 PR G FIOR/INA ST AS ] WS2 B 56100 ) — A2 R Jt
R R A . MTHERAR R AT AR Y, BB NER E AY

W, R He' ORI RS R, 1S CCi
1 227.27 mg/kg | 25 °CHf Y 312.50 mg/kg, 4k
JETF B 35 °CHE, ARHEXT He™ 1 5 KK Lk
526.32 mg/kg; R INES ML IR G B HE XS He™ B B K
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W B A AN 15 °CHT R 294.12 mg/kg £ 25 °CHJ Y
384.62 mg/kg, HiRETHEF] 35 CH, A Hg™
BRI EEE 555.56 mg/kg, 7% 2 PR BIRG SR,
A —IRE T, WMEHERRNAR, FEEXT He™ 1
e AR B ot e T AR R IR A R I AL B, K, R PR
WA R R, g G5 K BK, KRR
Hg™' (W B BE B, 45 06 A R4 o 17 A g ko
He™ MW MHRE J1. K, 5 n A5 W] DA IR i 55 55 A
FIWi. AWFRERAR, K 2HMAEER,
WBETHR, K R, mHEAER—RMBET, &
TIJES AR P AL PR K A S8 R AR S i L TR g A
By R n BV, JRRRIBE — B LA, {Han
AR IEAR R, XK, %R LR ESE
B MHE R, AReH R —fets LT, )
MER IR/, s 2 R R AEHE R,
RS EAKT. £ REP MRS, LR

WRER. REAPR S . FEYETE LR
A CIREZ. pH. B THE) 55, WM LR
7R
2.2 FEIRE TREBRXT He” FEAZIE P IRM 2 -

IR 2 RS20

W B B O 15 7 ) B BT A A~ W B, A BRI
BE— BRI LA AR AT, A=A IR B A Bl A AR fiE
Mk, TS, S5 RS TRRER,
T3 TR AN ECARIG I, 53 18] (4 A 8R4 R
Z, RNIEZRNR. LR RA RN, A
SN BOS R S BTG, R A A PR
YA — E RV, RS E IR ETERIN, Uk
Yrid Ve SR, R AR R TR T A IR RE
S RN o

%3 AR FETREE T AR A He™ fE kxS g
R - e R ) R

% 3 TREIRE TRERRRT He' FEARR P HIRMIE - AR RIS

Tab.3 Effects of humic acid on adsorption and desorption quantity of Hg’* in brown soil at different temperatures

MR (mg/kg )

fift e (mg/kg)

Ak B Hg' ¥ (mg/L)

15°C 25°C 35°C 15 °C 25°C 35°C

0 HA 0.5 9.46 9.56 9.62 0.21 0.22 0.23
1.0 17.77 18.99 19.19 0.43 0.45 0.49

2.0 37.72 38.08 38.25 1.10 1.16 1.19

3.0 56.18 56.68 57.17 1.80 1.89 1.98

4.0 74.42 75.35 76.13 5.00 5.17 5.28

5.0 92.79 94.26 95.01 6.48 6.65 6.78

6.0 111.31 112.75 113.77 7.89 8.04 8.18

8.0 147.52 149.86 151.11 10.50 10.91 11.12

10.0 183.08 186.35 187.83 13.30 13.93 14.53

10% HA 0.5 9.72 9.74 9.84 0.19 0.19 0.20
1.0 19.38 19.48 19.60 0.39 0.41 0.43

2.0 38.50 38.89 39.13 0.99 1.04 1.10

3.0 57.44 58.31 58.58 1.70 1.76 1.83

4.0 76.29 77.53 77.95 3.90 435 4.60

5.0 94.95 96.57 97.09 5.50 5.81 6.12

6.0 112.45 114.74 116.16 6.82 7.39 7.87

8.0 148.10 152.50 154.32 9.33 10.26 11.01

10.0 183.30 190.39 192.15 12.01 13.28 14.33
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ME 3 ATLUE Y, 2 PiAS[RI AL PR B0 HAH [H] A9
Hath, (€ Hg” IR BEM R &, 7E15 ~
35 CCTEFEIN, &R RIS, At
He'' RO & - i & 2 BT % BE%E He' ¥
BRI, RAR IR SER TR, TR - fR
Wt 2 3G K. TR, AT ES
BTRE, AR TREZWRMMNZEY L Wi T
JEREER A He' e bL 2, AR T LT Y4
BUSE A [R5 U B, FEIR AN, He™ WG WA
FREOL S, B EHEER A BT He™ WK B fiE 1
POl P RN INEAER AP, FE[A— BT, i
W 5 e B e ) ZE B R R I A T e o
i, WNRIEEH, M —E, FEEER
Fhisr, G R b 2 3K . RIS IR AL PR
B BNV RS I FE T, B He™ AW B 7 7 34
S T AR B D 0S5 . X T R AR AN AR A
FEAK T L8R pH, W FTH% T L B A B W B -
fARR -, DA (45 A0 2 He 2 A 3840 Bl ™ 4h
RS FEER A I ARSI 7 L3 e s, oA
TESEMTEEE Y, ApFRas RS R
IR ES AR — 3, DT iR A RT3 R R
NFIBREN 7. X He™ 784362 A FNYT P 21 32 b figt
WAFERFSS R B, AACSE AT He' AR BRI 5
FYLVG2IsE, SReREaNESRA ", &
TF 9 2 WA SN He™ (MR B2 IR s B, He™ 7
Ty R ER T RS 2 B ZE AR R

AT, TS 0 A R B B AR T AR S
He™ W0, 3% 3 2% R A R W B 8 a5k, T LA
W% Hg 1% () WIRfaakbm e, 7= ik
MEEg B 2,

KRG . BB, ’EHIE. 20K
T3 FRXTAS (R EE N A b Hg® B IR B - R
PATILA P, AL R IE 4, 20, L&k
FiFE. IR r (EHRT 0.99, AR EH G
(r>0.798) , RBUTRRSZE AR BEM K, £
X 4 AN J7 FEAT REAR - Ml AR AS [R) T T S n s A
BRI e A e b He™ A B R S i 2 TR SR R
TR AR P AT He™ i W B 5 i i >
[ AFTEAR G A DG OC 2R
2.3 IRMHATIFER

W o6 3ok AR B T R R e R P AR B R
i (AG, KJ/mol) . %5722 ( AH, kJ/mol) . J§AE
[AS, kI/(mol/K )], A ARYE T 5777t 5,
SR S,

AG=-RTIK,
AG=AH—TAS
2

K, — W B 1i555 %5, L/mol; R— SR BE /R B #XL
8.314 J/ (mol'K) ; T—J W ¥ g % Il &, Ko K,—
M Langmuir 5 X3R5, B LAARHE B B aE e AL &
I TR 4 0 L EAE AG-T 2R IR, J7 A2 e
FRERS B B FR A A H R AE AS™ %Y,

R4 TREIRE T RERIRED He” IR EMBRENXR
Tab.4 Relationship between adsorption and desorption quantity of Hg™* by humic acid in

brown soil at different temperatures

LAY i fRBOTRE
hsL: T (°C) y=kxtb y=ae™
k b r a b r
0 HA 15 0.0797 -1.2779 0.9907 0.4034 0.0232 0.9199
25 0.0818 -1.3614 0.9916 0.4209 0.0228 0.9197
35 0.0837 -1.4278 0.9919 0.4416 0.0224 0.9215
10% HA 15 0.0715 -1.3416 0.9919 0.3447 0.0233 0.9311
25 0.0760 -1.4590 0.9919 0.3669 0.0227 0.9269
35 0.0810 -1.6820 0.9917 0.3832 0.0227 0.9276

51



L)

e TREX [R1ERR 2024 55 4 #f
FAG
PR e Wi
gEEE RIE (C) y=ax’ y=ax“+br+e
a b a b c r
0 HA 15 0.0063 1.4860 0.9904 4E-05 0.0723 -1.6030 0.9910
25 0.0063 1.4924 0.9907 5E-05 0.0722 -1.0733 0.9921
35 0.0067 1.4805 0.9917 7E-05 0.0698 -1.0068 0.9930
10% HA 15 0.0052 1.4973 0.9933 0.0001 0.0525 -0.7769 0.9946
25 0.0051 1.5097 0.9930 1E-04 0.0576 -0.8763 0.9949
35 0.0051 1.5201 0.9932 0.0001 0.0578 -0.8914 0.9948
x5 BNFESH
Tab.5 Thermodynamic parameters
4 AG (kJ/mol ) AH AS
288 K 298 K 308 K (kJ/mol ) [J /(mol-K)]
0 HA -0.620 -0.82 -1.17 7.36 27.61
10% HA -1.077 -1.36 -2.77 22.96 82.89

MRS T LUAE H, He™ 78 b 3 b i I B H
HEEAS i A G<0, UiV INEMBRAfE, AR5
He™ MW A kiR, 1748 AH>0, ] He'
FEREEE R MR IR AR, ARYE T FE AG=AH-
T AS, W LAE R TE = AT 6 1 W B s i ) 32k
11, X —45 55 Ren X & P B 5845 FAH— 3L
ASEWRFLIE. —MIAh, AW B e 55 0 % A8
A H>42 kJ/mol, /INT3XAME 55 LA BRI [
F, (D PR T A R RS AT A B 7 S YA AR g
FASER, WA BTN =, R ETEILRE, L
0 2 RS PR O S AR 5 i Ak IR B B
PSRRI E R, 5 ETRILAE, AP 1 R B f
PR 2R ARAE, AR DISIIS S A A HAER
N T B R A A IR A R TR A, AN
JNE I DR LA B B - R 2 I DG 2R, PR S ik
RS IS 7 1T R B I e RS 50 P B 2 S

3 &g

(1) Langmuir 5 2. Freundlich 77 #£. Henry
Ji R I Temkin J5 3% BERL A HuA i AS AT T A%
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18 f RO PR

(2) JE§ Al 1% RE 1 2R R T H™ IO IR BT,
g9%F He' Mk, BEZE ROV MIRTE, FidExt
Hg™" (¥ Wi B 6 07 1 i 7 fire WO B 0 0l s AS [ O 32
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