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Effects of different type fertilizers on the adsorption and desorption of
heavy metals in the lou soil
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(1. College of Resource and Environmental Science , Northwest A & F University , Yangling, Shaanxi 712100, China;
2. Northwest Laboratory of Plant Nutrition and Agricultural Environment , Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract: To investigate the effects on absorption characteristics of heavy metals including Pb and Cd by applica-
tions of five different fertilizers, an experiment was carried out by studying the absorption of Pd and Cd by Lou soil. The
experimental results showed that during the adsorption process, applications of different fertilizers could change the ad-
sorption capacity of Cd, but had little influence on Pb. Langmuir model fitted well on the adsorption isotherm of Ph** ;
but for the adsorption isotherm of Cd**, both Freundlich model and Langmuir model were favorable. According to the
maximum adsorption capacity obtained by the Langmuir model, the application of fertilizers inhibited the adsorption of Pb
and Cd except that KH,PO, promoted the adsorption of Cd. During the desorption process, fertilizers could significantly
affect the desorption of Pb and phosphate fertilizers could increase the desorption rate even up to 90% . Since applying
fertilizers into soil could affect the adsorption and desorption of Pb and Cd, selection of phosphate fertilizers needs to be
carefully implemented in order to avoid harms towards crops through the migration of Pb and Cd when tilling in the fields
polluted by Pb and Cd.
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FME AL T 4 I V5 e H RIS iR AR -1

1 MRS IE
L1 AR
L1 Bk A SR U SR TR A b

FISEHL )2 135 (0 ~ 20 em) . HHEFE S 4 AR K
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Table 1  Physical and chemical properties of Lou soil in Yangling

B 25 AR B —_—
pH {H Organic CEC Total Available Available Available
pH value matter /(emolkg™") nitrogen nitrogen phosphorus potassium

/(g kg™") /(g'kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
7.67 23.73 13.11 1.50 92.31 49.73 157.18

1.1.2 #hkpest AR A 5 FEE: NH,NO;
(NH,),S0, .CO(NH,), . (NH, ),HPO, . KH, PO, ; IL{} 114
T & A P8 R i B A SE PR EE YL B N 0. 15

g kg™, P,050.10 g kg™, K,0 0.15 g- kg™, K H A4
e ) A AR o

R2 FEILBERAIBHRE (mg L")

Table 2  Concentrations of fertilizer solutions

JEELFIZE Fertilize type NH,NO; (NH,),S0, CO(NH,), (NH,),HPO, KH,PO,
NERHA R H S Concentration of fertilizer solution 28.67 47.33 22.00 14.67 14.67

1.2 HARAE
1.2.1 Jedtat R af 23 b 840 & T 0930 /1 F R
5 feR ey Hol RBGE 0.25 mm R EFE 1.0 ¢ F
B S A B4 i IEBHA MR 15 ml, FIMA
WHES3 310 1 000 mg- L' 500 mg- L~ Ph?* -
CEHIRAB T 10 ml, LA 0.01 mol- L™ ') NaNO; A 75
Sl FE 25°C MEENRS  F 0N 120 remin~'s 43
SIZEYRY 5 min 10 min.15 min.30 min.1 h.3 h.6 h.
12h.24 h.3 d BFHURE, 76 4 000 v+ min ™' F &0 10
min, E LI P>t Cd> VR EE TR e
F4JE P Cd* BRI B A 38 (s
SERREAAT 24 b DA ), e D SORGEE vk
B 3 (BERY 2 ml) , RGH & A 3R 3N
BLLEFRE G M 0.01 mol: L™ NaNO; AWK 25
ml AT B B0 LRSS, R 5
min. 10 min.15 min.30 min.1 h.3 h.6 h.12 h.24 h.3

dJa, B PRI IS, D Ph? A A2 MR ARG
FFIA 25 ml 0.01 mol- L™ "% NaNO; ¥, A ik
IR T AR, SR R TE W, R — )R
WA IR R

(R4 BR3P BRI 725 525, B A IAE
BHAE, ELIEEA 0.01 mol+ L™" ) NaNO; AT 15
ml, FEAILA A BE 43504 1 000 mg+ L™ A1 500 mg-L~!
) PH?* — CPHIRAIATR 10 ml, HiAth 298 5 F AR SL
BRI o
1.2.2 FEHAESLIEPELS THFERW -
fRBE e FRIBGE 0.25 mm T HAE 1.0 ¢ TES
DR eI A S G 1 EANA TR 15 ml, FEIACKR
[V BER) P> — C** IR A VA TR 10 ml, V5 VROMR FE 43
MHA:0~0.12.5~6.25.25~12.5.50 ~ 25,125 ~
62.5.250 ~ 125,500 ~ 250,750 ~ 375.1 000 ~ 5 00
mg- L™ PR35 24 h {3k 50 0 B, 2500 JE B ERL
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W B T E AR PR R e E . B
A R B R B R, T O IA 25 ml
0.01 mol* L™ ") NaNOs ¥ WA Jy i 9L, AT A T
S8

[ As e BB R 2B BR A7 25 ik, RP: S A
0.01 mol- L™ ") NaNO; A 15 ml, FEAIAAS R ¥
) Ph** — CEP T IR AU 10 ml, HAhA BEAH I .
1.3 HIERERHE

b g = (C, - C) V/(1000W)

Langmuir 77 #: ¢ =S, x K; x C/(1+ K, x C)

Freundlich J#£50: ¢ = K,C""

it S=[CV-(C,-C)V.]/W

IR IR = S/ q x 100%
s g AT 13X 4 A (mge g™ ),
C, WA ELBSE (mg+ L"), € R AT
F4 B A B (mg+ L™1), Vo P A B I AR AR
(ml), W R (o), S, 390 5 4 a8 i BEiE
R i (mge g™ 1) o Ky R 3EX) 5 4 & Wt 2%
RTINS —J K AR, W BB B K
{EBUIN, R RE TS . K, 0 RER L, K,
FERWFEAE F7 B5R S, 1/ n 2878 W JFF 2 o I B8 448 K
MIRREE . S KRR, C, il W4 8 B i Uk i
(mg-L=1), V, R BT e 0 i 500 8 v ok B v A
L% A

2SR5
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TR B, 24 h 5 W R R A AN AR 38 B i
Cd** 6h WL BFF R AT 3A 3 85% F Ay, I 1Al Wk B 348 Jin 2%
12,24 h e WBEAS IR B, PRI, 24 S 6 1) -1
FRFESF RIS TREE R 24 ho AS[RIBEDRHES NG X Cd R B
HERZI L Ph B, AR (NH, ), HPO, S SEff
W Rk 3 7 iy, FL A JLA R RL 22 BN R, XS
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CO(NH,), > CK > (NH,),S0, > NH,NOs , 15 W AR 1
PREJEIN T - 39E0F 5 428 W -

1 3 Sy 1 XF Ph B A W B il e, el AT L
TR — VBRI R S B P b IR S TN, 45 R T
RF b 2R Bt -39 Pb? * R BE T, P PbR Y
W EE SR K AR SOV R B, 5 8 TR .

T HA T LR AEAREXT P>+ A 25 3 0 B2 1 AN K, 24902
iR S I AR PN PN IR 20 EhE iR
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T X 14 1] 5 A 114 MR S S AR 7 R PP IR AR
AR — A IR T , AT P38 A e [ 5 5 B ORI
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Fig.1 Effects of fertilizer treatment on

adsorption kinetics of Pb

4.5
4.0
7"‘“ = 7~ Uurea
wg 35 % 1,
Ea Diammonium phosphate
=1 R L
= 3 3.0 Potassium dihydrogen phosphate
= i R i
- ) Ammonium sulfate
= ¥
Ammonium nitrate
20 L , —&—(CK )
0 1000 2000 3000 4000 5000
t/min

B2 AERRAERT Cd R Eh D FHRm
Fig.2 Effects of fertilizer treatment on

adsorption kinetics of Cd

—o— JR % Urea
. PR
Diammonium phosphate
o B
Potassium dihydrogen phosphate

w8 i 12

-m_g Ammonium sulfate
£Ea 6 * i 198 e ) )
=3 Ammonium nitrate
] —e—CK

z2<

= 4

0 2 4 6 8
S JE/(mg » L)
Equilibrium concentration

B3 AEARRALIEE T3 Ph BYEER TR B ih 2k

Table 3 Adsorption isotherms of Pb under different fertilizer treatments
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4), B SR G 0, AR ) ek 2% PR G 0 Y
P, POPAR T Cd> R EERAIRET , AN R HE A =2 [] 9
AW 22 5, B A AR P G Mk EERE R, AP 4
HREN] A S ARG R IEXS CdP R W B 1
Ko HEWRE BTk it o 4 J ¥k B8 1) Ay s ] B T 24
SR T R S MR R I B — e R S W R
RN

T FRAEAS [ 26 B B X 4 1 W B Pb, Cd 45
PERIFZI , 535 Langmuir 1 Freundiich #5574 X% 4575
R AT G o 2R 3 n] L, ARSI [F] AR
ACEREEOUT , 35Xt P2+ AR B I £R , T Langmuir
TR G A AL T Freundlich 77 f2 &, 3¢
X Cd B2 W B Hh 28, AT Freundlich A1 Langmuir J7
PG HIREIA B WK o JCHR TSR —
PRFNTEIR S — 8 15 00T, Langmuir J7 72 13 REAR &
AU IR Cd Y SE IR I I I ZR . 1 Langmuir J7
FRALG A5 200 Jo R W B 5 7] DA S, BR R — U

PRHET 1 Cd AR B, LA IERE A S I 4 4 i 1
14 XF Ph.Cd WU & o TMTE Freundlich J7F£H1, Ph
WEBRHY 1/ n #/0NF 1, Cd WERFY 1/n KT 1, 59
Pb W B 2 55 AT 1 & B9 s AL 4G, T Cd D) A
Mo,

50
4.5
401
{:b 351
c 830} K% Urea
28 R A
=525 Diammonium phosphate
2, AR — L
z2< Potassium dihydrogen phosphate
B o1st TR R
10 Ammonium sulfate
: it 1R
0.5 Ammonium nitrate
0 . —8— CK
0 5 10 15

TR S5/ (mg < L)
Equilibrium concentration

B4 AEERACEE T3 Cd HI%IR R M ih &k
Table 4  Adsorption isotherms of Cd under different fertilizer treatments

K3 AEERAIEIFERM P (CEP R A RIS S

Table 3 Isotherm equation fitting parameters
Fii?n/j f‘f‘fﬁun Siﬁe NH,NO; (NH,),80, KH,PO, (NH,),HPO;  CO(NH,), CK
S,/ (mg-g™") 0.2679 0.2271 0.1406 0.6085 0.5472 0.9901
Langmuir K, 0.8758 1.9391 0.7502 0.5408 0.5786 0.0158
R? 0.9563" " 0.8255" " 0.7283" 0.8087" " 0.9199" * 0.8547" "
" K, 9.4059 7.4748 1.5556 1.4073 6.2864 7.9561
Freundlich n 1.5154 1.6289 2.3419 1.9004 1.6846 1.4360
R? 0.8807" ~ 0.8615" ~ 0.1262 0.2814 0.8738" " 0.7872"
S,/ (mg-g™") 0.1821 0.1465 0.8851 1.4345 0.1722 0.2168
Langmuir K, 0.3543 0.3587 0.2646 0.2332 0.3554 0.3506
R? 0.8994" ~ 0.8935" " 0.9920" * 0.9938" ~ 0.8990" * 0.9080" *
“ K, 4.5290 5.1003 2.4502 1.9476 4.6795 4.0644
Freundlich n 0.3467 0.3346 0.4362 0.4784 0.3420 0.3534
R? 0.9863" * 0.9826" * 0.9796" * 0.9755" " 0.9849" * 0.9844" ~

% » FIR P<0.01, % F/R P<0.05,

SIHCRE K (B2 SR Bk B P e, S — 4
JERTE AR (- 5) 5 70 WOAH rh v B2 B ARG LR LR
JINAT DAz ke - 98 6} T 4 Ja 114 A B i R 5 K(ELER K,
ERA 90T T 4 R Y W BB 7Y K 4 Ay B
FRER N A ) 26 B AR X Ph . Cd W B A6 328 56 &5 21
HEA AT LUE L BE A R R a W B K, 1
LI Cd 19530 22 BOCAEAS [R) IERRAS i Bsf 357 222 °F
B SXFREAHE, LE Cd e AR AT, JLF ZUIE 1 7

JIBEAG BTV S /N R0 TR 7 A Ry | F D U LV
BUNT X ERE Cd WO 138K, 22 5732
EWANS CaEy <l a1 i P b 0 I N iDL A g R L
PIAS A AE A TR AN ] 2 B AN [ 1y 4, (EL g 1A
RHN - B INRNE + 30 B Ph 173 e R B 2
X REHEAA [, B Ph #R B AYHE K, 73 il AR G
TR Wl )N s BN B AR TS T 2R K B 52 e U it
Ph LRI, 73 L R BBl NE K



150

TR A WFF

5 34 45

x4 EREHIREABBEIINNE 4T B KM 2B R
Table 4 Adsorption distribution coefficients of Pb** and Cd?*

P Concentration/ (mg+L~") NH,NO; (NH;),S0, KH,PO, (NH,),HPO, CO(NH,), CK
5 4461 2467 11189 3459 3713 7451

10 6383 4461 308 682 2218 2467

20 5252 5252 239 626 3875 4461

50 11189 11575 164 149 7985 9320

P 100 16188 14927 522 513 11779 17227
200 22978 20838 6476 4032 16385 25606

300 28009 17227 25365 7964 17917 16385

400 9369 8256 12610 14629 8901 6965

25 13397 16444 3619 2544 14115 11349

50 2654 2897 2764 2283 2764 2605

Cd 100 682 630 790 825 661 621
150 345 350 367 383 336 324

200 364 367 365 366 364 365

2.2 AREREEHIESEEBRRIFENTMm
Fs5.F6 N LIEHESEE Pb A Cd WIFF I3 )
o BRI UL, PH>* (1 fift W AR I ek i 5 e O s [
E@ibn AR PN Sk W NE Pl b Sy o gt
SN2 AR K, S AR R KH,PO, F1(NH,),HPO, %}
T I Ph BRI B A VR R AR
i, BRI 90% LA b A R BEXT Ph 14 i 1
W& T CKo TEAS R ML B B, CK A 0 UK il W %

L L& S (EP o b | NN B i) it S e
Jai SV REAE SRR A0 6 B B R BEAR TR, FCAd AR
AN i % 2 R AN DR R RS T 22 Ji 0 I 39 A
B B, R TR R TR IR G iR
W BEAE AR AT AT AERHE &0 &, BRI CK R i i
e, BB BIURR o T R (HLAL
WA B85 CK A BT AR

K5 ARMIERPBLSIET Pb I HZERBRE/ %

Table 5 Desorption rates of Pb under different kinds of fertilizer treatments

JilWp RS W B IR IS E] Desorption time/h
Fertilizer Desorption

type times 0.08 0.17 0.25 0.5 1 3 6 12 24 72
—K Once 6.21 7.04 8.14 6.49 4.96 7.23 6.78 5.01 5.53 8.67
NH,NO; IR Twice 7.78 9.56 7.56 8.83 9.27 8.01 9.54 10.94 12.39 11.45
BT Total 13.99 16.60 15.70 15.32 14.23 15.24 16.32 15.95 17.92 20.12
—IK Once 6.55 9.50 7.19 6.89 8.54 5.64 6.26 8.03 8.06 6.89
(NH,),S0, K Twice 9.42 7.70 7.17 8.08 9.30 12.03 11.99 11.11 11.78 20.49
BT Total 15.97 17.20 14.36 14.97 17.84 17.67 18.25 19.14 19.84 27.38
—1IK Once 15.74 22.66 23.43 26.15 27.87 39.70 34.13 29.99 28.48 26.93
KH,PO, IR Twice 30.39 28.39 33.71 48.21 52.04 54.86 59.38 64.03 71.95 67.98
&3t Total 46.13 51.05 57.14 74.36 79.91 94.56 93.51 94.02 100.43 94.91
—1K Once 16.45 19.50 19.38 22.31 27.42 33.12 33.61 26.15 24.20 26.01
(NH, ),HPO, IR Twice 26.27 31.45 24.99 42.80 47.09 52.96 40.88 52.20 61.05 65.38
B3t Total 42.72 50.95 44.37 65.11 74.51 86.08 74.49 78.35 85.25 91.39
—K Once 8.32 8.50 9.16 7.89 8.03 7.74 7.74 8.07 9.05 9.70
CO(NH,), K Twice 7.33 5.33 5.29 4.67 5.86 7.73 9.26 7.78 10.17 11.53
B3t Total 15.65 13.83 14.45 12.56 13.89 15.47 17.00 15.85 19.22 21.23
—IK Once 10.36 8.51 8.72 8.40 8.07 7.31 7.96 8.40 9.16 9.56
CK ZIK Twice 4.45 5.14 4.72 5.67 6.14 7.28 7.16 7.07 9.41 9.38
KT Total 14.81 13.65 13.44 14.07 14.21 14.59 15.12 15.47 18.57 18.94
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Table 6  Desorption rates of Cd under different kinds of fertilizer treatments
N FR S B AR IS E] Desorption time/h
Fertilizer Desorption

type times 0.08 0.17 0.25 0.5 1 3 6 12 24 72
—IK Once 2.01 2.38 2.29 2.50 2.51 2.60 2.41 2.24 1.91 1.79
NH;NO; IR Twice 1.01 1.28 1.24 1.30 1.62 1.31 1.30 1.37 1.00 1.15
T Total 3.02 3.66 3.53 3.80 4.13 3.91 3.71 3.61 2.91 2.94
—IK Once 2.08 2.77 2.38 2.31 2.33 2.24 2.33 2.56 1.80 1.42
(NH,),S0, K Twice 1.37 1.21 1.14 1.15 1.34 1.46 1.20 0.98 0.93 0.72
BT Total 3.45 3.98 3.52 3.46 3.67 3.70 3.53 3.54 2.73 2.14
—IK Once 2.32 2.40 2.33 2.50 2.36 2.21 2.29 2.15 2.10 1.88
KH, PO, IR Twice 1.23 1.20 1.19 1.19 1.16 1.15 1.17 1.11 1.05 1.01
&3t Total 3.55 3.60 3.52 3.69 3.52 3.36 3.46 3.26 3.15 2.89
¥ Once 2,37 231 238 219 215 221 213 236 230 1.87
(NHy),HPO, IR Twice 1.31 1.26 1.28 1.19 1.18 1.17 1.16 1.13 1.08 0.96
B3t Total 3.68 3.57 3.66 3.38 3.33 3.38 3.29 3.49 3.38 2.83
—K Once 2.54 2.54 2.61 2.33 2.52 2.32 2.36 2.38 1.88 1.95
CO(NH,), K Twice 1.42 1.45 1.39 1.28 1.38 1.24 1.21 1.19 1.00 1.05
BT Total 3.96 3.99 4.00 3.61 3.90 3.56 3.57 3.57 2.88 3.00
W Onee 2,56 2.64  2.68 243 250 236 241 231 193 2.08
CK K Twice 1.47 1.43 1.47 1.31 1.36 1.25 1.22 1.17 0.99 1.01
KT Total 4.03 4.07 4.15 3.74 3.86 3.61 3.63 3.48 2.92 3.09

ANFFP AR AL 25T, L EEE 48 Pb Al
Cd P AR S I Bl g 2 A0 BA e, SO 46 B B
iR R et T AR T, M SR O e v e /N, BRI ]
DA A 18 4 Ja A W e R ) 4 Sk S B B, BRIV I
IO T U P RO A R 7 B RS2 7 — B 1) i 4 1 3k A
W BL, DA EAEBCULI, FERE Ph.Cd B A5 L 1
B Tt FHAS R 28 BUAR AR, BIRB AR TE Ph ) gk W i 41 1
Cd AR, I HAR UE Ph WL R R T £ S A
PR, 775 Yo FE R et R o, S TR 2 TR et Ay i
[P RBLLE AT YA H R B A i

B 5 AR TRIE R BE R 438 Ph B 45 IR R
Mk, HMREL BREREL R 2 NER AL BT CK Ab 3 EY
it O T PR  fi SRR T AR, 3 LRI IR
A € E BT 7 e W1 L e K B LA
NERHAE R, W BEE Ph R B 0 15 0, fifp i 5 e Pk
T SR AR, JEL A W 00 8 A T A Ak
P K E A L, E BRI T 4 mge g A, BETR
S A AR A, W B R T 4 mge g B, A
ZEAK,

Bl 6 A A [RIAE Ak b B 3 v Cd ) S LA T
Mgk Rl L0 Cd MR A 3G n, LA Wi 4o,
B K AR =R (<2.5 mg-g™ "), BER
AR IR A A BRI REXT Cd AR IR RO B

U T e TN B R e 22, 9 Cd WP v T 2.5
mg- g~ I BEIR A A R A B . HE A AN T
NERHAS X Ph F Cd A 52 B A M Aok 2 1 52 e AN X ¢
PR, o e e 7 R B A Wt AR v R B T R Y
ZER, BHEMASH POS WIERZ G, 2250
SR o XA IRk 3t 22 S % - JE I = A
SR, B AR H B R TR R R e e B A [
e AR, BYmILE AT, RIEXT AT
YRR P R O T A P — W B A T A, L ) I AT ot
JERT 45, Ut 3 rh s R LA i, R AR A AL
PEARRT$E R o
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Isothermal desorption curves of Pb
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Fig.6 Isothermal desorption curves of Pb
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