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W LB, 4 FiA LR Ph™ I B 5 Langmuir
BRI LT, DL EFSY EBAE TR fE R A A A
HLAE Ko L 5 4 I (9 W BRI L, 1T it AT AL P
RERHA1b o3 ik 10 A8 P AR R O 5 4 R i W B A T
W WLARAE . PRI, ASBFSTIEER 3 FhER IR R A
HUAE (k0. BB RIFAK ), SR R4S IR A 43
2, AT O 12 4 A M a e ik e, IRk
R0 6. 12 A BERFE BT, SR R 43 ff B
B MR HLAC KT Ph™ A 0 B 5 R AR AR, A LA
Je I FH R A ALIEAE 5 4 4 TR TS AR IR A
W

1 #REFE

1.1 fESA PR

RRAE 8 12 FH2 2 FR SC  IEE R
BUGAA . AR PUIE R BRI AT BT T
5T, 3 PR IR 23 50 SR (BP) L B R
(BB) JUFHK (SP ).
1.2 AHLAEHE IR

W 3 Fh 2R R R S A HLIE T R K i 4k
MR B FE R R T Ak o i, ey
G VR R AR o B RRERAY 3 R AR TR R LA
HLAE 100 g 43 1% A 0.047 mm B JE o M 48, 4
flrode, $L274%, MTRZLIED, 7EAKRFM
THALAME, T 6 M 12 A H G, KT R
JEE 2. 1. 0.25 mm i, BEAE HAEEH], IFRH]
ZEWIETT AR R . WAk 00 6 A 12 D H K
s 9 9w 5 o SR BP-0. BP-6. BP-12, ‘¥
BB-0. BB-6. BB-12, #FJik: SP-0. SP-6. SP-12,
W B P> )5 i) 52 H1: BP-0-Pb. BP-6-Ph. BP-12-
Pb, Wik Pb* 5 H49E#) : BB-0-Ph, BB-6-Ph. BB-
12-Ph, W% fff Ph* J& A4 WF Bk : SP-0-Pb, SP-6-Ph,
SP-12-Ph. 5% R 4 75 1 1 I 2 A HLIE A AL 5
i, AHUEE pH, P K& K &% e \ R IR E &
W AT bRE, NY 525-2012 #4705, CEC R Z
FRAMAZ B R AT I E, N, C. HRJHICR Bl
(EA2400 ) #HATI%E
1.3 SFR IR

FH NaNO; (0.01 mol/L ) ¥k HL A A, fif
J11°0.1 mol/L ) HNO, #1 NaOH ¥ W& ¥ pH ¥ % 5.0,
fifi F1 Pb (NO, ) , B 6l & B 6 B2 43 03l o 25, 50,
100, 150, 250, 400, 600, 800, 1000 mg/L )
Ph™ VAW . AR IFREL 0.05 ¢ 1 A HLIET 50 mL 25

DT, 4RI 25 mL bR M EE B EE (9 Ph>
W, HEINELE, T 25CHEREZ T 2000
min 4% % 24 h 5 13 38 W 2 PH & . 4 B
Langmuir B2 F Freundlich A5 5 X5 0 {6 it £& 751748
A, AR
AR FHE Q.= (Co-C.) x V/IM (1)
Langmuir /7#2: Q.=Q, x C.x K,/ (14K x C,)
(2)
Freundlich 7#¢: Q,=K; x C." (3)
K (1) ~ (3) f, Q AP (me/g),
Co WA TE A BUE (mg/L), C, N AT 4
JEBHE (mg/L), V AFHEERIAR (L), M
KT S AR R (), Q. AE KIS
fft i (me/g ), Ky b Langmuir J5 72 - 15 W Fff 5 %4
(L/mg), K & Freundlich 77 FE-F- Az it #5458 (mefe) |
n (B R 5 R - 45
1.4 Rzl Jyarilm
FH Pb (NO,) , it & 100 mg/L ) Pb™ ¥ Wik,
7 PO B I B e SRR T RS AR
R A ALIE X Ph W B RE D e, BRI e B
100 me/L (4 Pb™ FE TR AT B 3 7 38, ol
FERTIIRRRASEL, $E=AERE . L) 0.01 mol/L NaNO,
I EHAHLART, 1 0.1 mol/L HNO, 1 0.1 mol/L. NaOH
PE R pH & 5.0; FRICET b A HLIE 0.40 g il E
T300 mL 28 R H, BEAE INA 200 mL W, ik
BIANEE, EHEEEGH (25°C. 200 /min)
R, /BT 05 1,2, 4,8, 16, 24 h HU#,
I E R T A R E . B HE—gsh
2507 FERE 8l )2 05 R S B 8l ) 2 ik Rt
A, A
HE—RBN J12F e Q=Q.x (1-e™17')  (4)
W 1207 vQ=1/ (k,xQ.2) +/Q. (5)
K (4) ~ (5) ™, v hwkE (h), QEm”t
Bf 20 AW Bt i (mglg ), Q, A~ [t (mglg ),
k AWE—oh I R R R (b ) 5k, R
WE RS 12 RO R E [ o/ (mg - h) o
1.5 R e 3 R e ot it
A ST LA it A MLAE e e B0 i By ol i d
T e I i i, 5% R R 1R A = F
W B AL (mg) = e KW & (mglg) x 58 B %
(6)
1.6 LML
23 ) F 4 4 1000 mg/L ( o1 ) 5 600 me/L
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(BB, BFAK ) PO™ IR, WRRSP- i J 1 R A
IR, 2T S FRER 0.05 ¢, i HIFRIBGH T 25°C 4%
F R, FELLHERE R S A DB R A P>,
ARBUS B (5000 t/min, 10 min ) Ff4d0E, f#H
JEF IR I S IR R Y PO R, fEE T R —4
R AT R T . AT

(1) Py Rfs: A 25 mL 2285 T7k¥R 2 h;

(2) B8 A 8 mL CH,COONH, (1
mol/L., pH=7) #&¥% 6 h;

(3) &4 A2 A 10 mL CH;COOH (437
mol/L) 5 NH,0H « HCl ( 0.04 mol/L ) {RASHBIRY 5h;

(4) 8475 A 10 mL £E#B248 (0.1 mol/L)
P& 5 he
1.7 £oAMEIE R e

K KBr F 5% AT AILACAE & AR 70 L A 46
LIAMEEAL (FTIR ) #AE (TENSOR27 ),

1.8 Hdugeitmab

B A b BR AN 43 B 327 2R H Origin 2017 1 SPSS
22,0, AS[A]i 0 Ak 3 2 ) 1) 22 S R e /N B 3 25 57
P (LSD) #F47T B EH R (P<0.05), ZL4M Gk
iz FASES AT B AL BE AN 43T, 25 SR Origin
2017 %

2 HBREH

2.1 AR B PR A U EEAS B T

3 FPEE R R A AILIEZE R [R) 43fif B B ) AR
PRALE AN SR 1 R, SP-0 1Y H/C., A ML, pH
Lt BP-0 #1 BB-0 &, 3R A HLIE S C B A 75 & &
e, AW, K S EbisE o o T ik 2
RS, mAPUIER CEC I pH BEET 1L /M
AT R B TR BP Rl BB 7E 4 fe
P SR I LA, TSP A P S ) SRR

®1 TESBHNEREQBREREVEERELER

Fefdis N(%) C(%) H(%) H/C P (gkg) K (g/keg) FHURE (g/kg) CEC pH
BP-0 6.58 18.06 2.58 0.14 5.16 +0.28a 3332+1.07a  37854%6.19a  34.23+027a 7.15 = 0.04b
BP-6 7.60 20.73 2.95 0.14 5.39 +0.06a 1448 +0.62b  346.60+2.09b  45.66 +0.47h 7.49 +0.03a
BP-12 5.11 14.16 2.09 0.15 5.75+0.08a 13.17+0.62b  34426+624b  58.67x0.71c 7.58 +0.06a
BB-0 4.80 13.24 1.96 0.15 8.88 +0.07a 3.63+£04la  323.69+2.8%  37.67%0.59b 7.12+00la
BB-6 5.22 14.53 1.86 0.13 10.12 +0.03b 1.81+002b  280.64+1.52b  42.23+0.78a 7.27+0.10a
BB-12 5.97 16.36 2.03 0.12 10.58 = 0.02b 1.78+0.10b  261.49+2.85¢c  43.03+0.45a 7.21£0.02a
SP-0 5.95 15.75 241 0.15 38.55£0.41a 4822+0.62a  53346+448a  37.58+0.75c 7.27 £0.03b
SP-6 6.47 17.61 2.59 0.15 16.66 + 0.25¢ 14.05+0.61b  381.00+1.68c  57.19+0.67b 7.21 0.09b
SP-12 5.69 15.31 2.14 0.14 20.18 +0.05b 6.17£0.62c 45001 +352b 6545+ 1.09 7.55+0.07a

TE: Bl PIE + FRERT KR RV IR A HLIC A ING FREROR A F S AR B i 22 R R EE (P<0.05 ),

2.2 AN[E)Si Y B LA HLIE S R R R

* H Langmuir 1 Freundlich 25 15 W% Bff 455 74 421
L3 iR VR RS A A BLAE G Ph ) W B AR IR 2k
(K1), WESHFE2, B2 Ml &R AH
KMk ZBUR W] H1, Freundlich 25 I W% B A5 AU 56 &
i & BP-0 1 BB-0 XiF Ph™ (1) 45 I W fff st A2, i L
AR 5 i 9y BEAT HUAE X Ph™ B4 25 305 2 B i A o
JNAE A Langmuir 5 78 35 7 AR 35 X Langmuir A1
Freundlich 45V W¢ RS (Y S8 4538 7T 41, BP il BB
TEAR T BLR W N 7 R 2 TR, B 20 i)
ATt 2 2 W Ay T o1 IZ M, TSP 7E
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A AR5 B BB S 053 )2 WK . Langmuir £
I Q,, (ARG BIS o R i, (BB K/l
RFE W RE ST, MR RE 1 4 . BP-12>BP-
6>SP-0>BP-0>SP-6>BB-0>SP-12>BB-12>BB-6,
Hor BP-12 19 85 KW B it 38 2 T 316.42 mg/g, 1M
BB-6 R R R A 170.10 me/g (22,
2.3 ARG B P IEAPLAE N R 5h

TE Ph™ SRR FE A 100 mg/L (AT, 3
b AR IR RS S A DR AEAS R BT 4b 43 i B B X 7K i
T P (14 W B B e ) 7 72 Ak 2R G 2 B
3 FhEE IR R A HLIRTE &8 (e 2 i BEXT Ph™
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= BP-0 = BB-0
400 e BP-6 250 - ° gg—?z
4 BP-12 BB-0 4 BBz
350 —— Langmuir / -m Langmuir
<. Freundlich 200 BB-0 . e Freundlich
~ 300 BB-12
on
B BP-0 e
Z 250 /. ™
J# 200 R g
Hg BP—0 =
= 150 Jj;ﬁ
=
100 B
50
0' L L L L L L | O L L L L L |
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PR EE (mg/L) PR E (mg/L)
250 = SP-0
e SP-6
4 SP-12
200 Langmuir
P Y A S L Freundlich
50
&
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I#
£ 10
=
50
b
»
0 1 1 1 1 1 |
0 50 100 150 200 250 300
PR (mg/L)
1 AESEM B EQREAIIEST Ph™ &R
®2 AESHEHEEARGHALRH P HEREINE S
Langmuir Freundlich
GATE R
Q. (mg/g) K, (L/mg) R K; (mg/g) n (g/L) R’
BP-0 209.17 0.06 0.94 48.49 0.24 0.95
BP-6 290.74 0.15 0.95 64.76 0.27 0.84
BP-12 316.42 0.14 0.95 64.92 0.29 0.89
BB-0 193.05 0.14 0.90 39.69 0.32 0.91
BB-6 170.10 0.14 0.95 37.58 0.29 0.90
BB-12 175.45 0.20 0.91 45.44 0.06 0.78
SP-0 246.01 0.08 0.80 58.56 0.29 0.65
SP-6 208.57 0.22 0.61 60.99 0.24 0.54
SP-12 176.39 0.21 0.84 47.62 0.26 0.80
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g
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ifTE) (h) B (h)
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& — Ay
- i e 25 AL
i
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B2 FAESEHREQFEFVAE P IRH3) ¥ %

149 W B 2 S R 18 1 & # . BP0, BP-6 Fil BP-12
FEFFUR MR EY 0.25 b, W 43 Tk 2] 1 b TR o
T 74.16% . 86.63% F1 77.26%, [ J5 W {8 2%
TR, BP-6 H1 BP=12 #F 1 h 155 0% B A5 55,
1Ml BP-0 T* 2 h A 353 W 75 5 ; BB-0, BB-6 Al
BB—12 7EMZ A 1 h, W Bkt 2 J0i 25 1) 7 4 R B
1 70.07% . 70.79% 1 70.25%, Fiti 5 W Fi 5 %R

FFUR N, BB-0 T 2 h ik 20 B4 25, 1fif BB-6
F1BB-12 T 4 h ik 3| W [} °F- 5 45 ; SP-0. SP-6 Fll
SP—12 TP AW B4 0.25 h, W B0 Sk 2] 17 1y
FR i B 73.60% . 60.53% F172.99%, B i " Fff
RIS T R, SPAEARIA 1L 40 B BEXE Ph™ B
W B AR 4T 2 b IR BT . R Bl ) SR A
&S5 (%3) Al44, BP. BB, SP Y3 /it

*®3 ARASEHBREQFEGHIEST Ph™ W3 I EEUE S

HE—HEh I W12
B
Q. (mg/g) k, (h™") R Q. (mg/g) ky [/ (mg-h)] R
BP-0 46.66 5.18 0.67 48.38 0.21 0.95
BP-6 48.49 7.89 0.84 49.30 0.51 0.95
BP-12 48.53 5.37 0.82 49.85 0.25 0.93
BB-0 48.49 8.04 0.92 51.36 0.05 0.93
BB-6 45.82 2.74 0.57 48.42 0.09 0.85
BB-12 45.55 2.57 0.57 48.55 0.08 0.85
SP-0 48.81 5.25 0.85 50.34 0.22 0.96
SP-6 49.36 3.02 0.92 51.40 0.11 0.93
SP-12 47.18 4.77 0.64 48.99 0.19 0.92
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W B (I 5t 50 327 i 4 o — G sh 2 RS Y R
i, FTLA 3 FPa AILAE A B Ak R B A 5 v sl
PAE 2 BiUTiUEBU
2.4 R[]y fif B B AR IR AT HILAE W o ot R T
3 AR TR RS oA AL TE B A 43 B BT Ph
1R 52 o6 56 B2 G 8] 3 i s o BP AR Ak 40 fife ik A v it
B o B2 S B L TR B #s, T BB A SP FE T AL i ik
T e B0 B 3 S 2 LR . BP0, BP-6 Fll
BP-12 [ 0% B 558 52 4331 A 206.34 . 312.72 Fl 336.72
mg/g, BB-0. BB-6 1 BB-12 Ay W [ 55 B 23 %1 Ky
208.13. 180.23 1 178.53 mg/g, SP-0. SP-6 #ll
SP-12 1 W [ 5 B 4% 51y 228.81, 197.28. 180.75
mg/g. BP-0 5 BP-6, BP-12 17 £ & 3 22 5%, i
BP-6 5 BP-12 1% A 2% 22 5; BB-0 55 BB-6. BB-12
TEAE 5255, i BB-6 5 BB-12 WA i & 257,
SP 1 3 AN orfl B Z RIAFE BB S

400 -

350 |- a a
—
300 |-
B
g 250 a
~ b a ——-— b
= 200 b6 b Lz
& T —E—
= 150
100 |
50 1
0
S I SN NI N S I SN
§Yy Iy Y
T

3 AES B EREERAVLAERT Ph™ IR R
VE: M /NG SRR R A IR A EAE 005 AP L
TSNS, TR,

3 AR R R A A AL TE AR [R) 43 B Be Xt b
F1R) IR T A G P 4 T s o 3 b 2K 1 IR R S AT LAE
TEA A 0 fire ik T8 v g o i L B R R ka3, BP-0,
BP-6 £l BP-12 [ W B & 543 1) 4 206.34, 226.27
#1145.99 mg, BB-0. BB—6 il BB—12 [ Wz fff &4 &
43 9 4 208.13, 156.25 i1 140.04 mg, SP-0., SP-6
1 SP-12 1 {2 43 J01) 2 228.81, 178.68 i1 133.73

mg, BP-0 5 BP-6 A7 2 5%, BP-12 5 BP-0,
BP-6 f71£ . % 225 ; BB-0 5 BB-6. BB-12 f7-7£ i
F%5, BB-6 5 BB-12 A B FH 25 SP Y34
WA B Z MR R 225

300 -

250 - g
a
200 |- % b
-~ b ]
= b _I_ b
Z 150 - LT c
iz t
pic!
Z 100
X
50 -
0 o O
/Q /b \’1, /Q % N /Q /‘o /\’b
I FFF 0§ I
S

B4 ARESBHEBRZEREAVEX Ph™ R SE

2.5 Ao fife B B AR VR A HLAE I B Ph™ 4 i B
B

3 Rl R RS A HLIE &4 1k 20 i By BEXE Ph*
W B IR ZS 5 EL AR S Bias . BP FE RS0 1k 4
I FEH P> W B TR B A B A A R A B
G, WAL 5 P B A R SRR A A AR,
B A AN 2% A AUk, BP Y W B B A
1.08% 32 1.67%, S L4 A 75 i 28.84% 34N
F]38.30%, B ACHAH 46.70% 1 /0 F) 41.57%,
254 A5 H 23.38% /0 F) 18.47% ., BB AT 1k
Sy fiad B v Ph> W B Y B S R AU S A
BTAAS, Y 90%, TEW LM itIG BB YA
BEES AN, WHA 3 MIEAS TR, BB A
254 A 59.27% 14N 3 64.01%, By BRI 2
1.31% I /03 0.16%, B34 30.01% /b 3|
26.92%, SP FEFEAH LA 2 FE b PH> WY 3=
BRSBTS . SHESEGEMEES, vk
SRS BRSBTS A A, &
FEEE G, SP M EBELS 5 A 28.08% 1 hnF|
44.16%, YIFRHAH 1.60% /0 #] 0.07%, BT
LA 40.11% W/ 3] 30.40%, %A H 30.21%
W/ F] 25.37%.
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v %
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I ssesiass
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W 25

2537%

—33.58%
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iy
i€ BB-12 | 26.92% _891%
#  BB-6 | 27.80% 9.67%

BB-0 30.31% _—941%

BP-12 41.57%
J
100 150 200

BP-6 37.88%

BP-0 | 46.70%

__1847%

26.18%

(=}

50

250

W (mg/g)
5 AESEHERESBREIEX PL BRMEES

2.6 A[F| 4 fift i Be 25 R A LI I B Ph™ i B9
AR 7

AN T6) i B 300 2 140 VR R 5 LI R B P i
JELLAM GRS 6 s, B IR R A DU TE 53
AR PRI ZIAMGE, FEERLLIMFEIEAE
[F], A HLIEEA 3By BOARTE 3406, 2962, 1622,
1423 em™ b, A IR : O—H (LA |
JIg Wi P CH, 19 C—H ¥ 3. B e 1 C=0 42 JE #i
3. N—H AR A Ar IR 3l . A 32 22 B e g
& 15 5] BP-6>BP-12>BP-0. BB-0>BB-12>BB-6.
SP-0>SP-6>SP-12., it W i %5 73 fift i 47, BP 1Y
BRE AT SR S s 0D, BB E RE AT B SE
ISR, SP B Re A B E — . RATEST
i fE . BP FPRFRE REAIIG N, O—H #HR 3
S8, 1 BB A SP AEAM il B AR 4R L CRAF R
TE oy S Z2 W RN B SRR K AL B W o, 5 3—OH
Wb BP TESMiRE R, RIRE RE B RIIE T R
BEIHE N, 1f BB A1 SP A& 5 2 4 5 0 #E 5 BUIR
Ui 1 B RE A BR Sk 55 . BP B 45 A 40 fif o B2 B
Pb™ J&, BP-0-Pb # BP0 fii T 1113 em™ ( & IR
) C =0 P43 ) MFHMEEEHN K, BP-6-Pb Fl
BP-12-Ph # BP—6 1 BP=12 i T~ 1622 em™" ( Fifi I

— 172 —

C=0 LYl ) MRAIEIGE s T F g, #£
HIIZAL & 1 E RE B I /D . BB 451 40l B Bt
W2 [ff Ph* J5, BB—0-Pb % BB-0 f T- 1101 em™ ( 4
BIR C=0 M43 ) BIRFEIE: N JE 1%, BB-
6-Pb F1 BB-12—Pb {ii T 1101 em™ ( & F R C=0 fii
Y54k 50 ) % BB-6 Ml BB=12 fii T~ 1034 em™ ( 2%
C—N 4iRsl ) FFRIEIEIRES, 1624 em™ (BEME T
C=0BTHRal ) A2 T, SP 4141
it By BE W [fF Pb™ 5, SP-0-Pb, SP-6-Ph. SP-12-
Pb i T 1634 em™ (Ffz 1 C =0 ZIIRSN ) Abryss
TEWEAR A TR, 1130 em™ (ZIEIR C =0 MZidi
3l ) AHIRFIEIETH K
2.7 N[EST B B AR IR AT MU A9 B K i i 5
A HUIE R 57 AR e

AN A3 ik B B A P R it A AL 1) o A O
5H SRR 4 s, AR SR
M5 A S MAENLR . pH, CEC, H/IC. N, C, H
BIEMHX, MR 4TH, YRR ES pH
INE] TR ERASCYE, S HIC, Hik®| T 3%
FIAR M. A REMN K E]/N R pHSH/C> A WL
>H>C>N>CEC, Hi5 pH S R Bk, 5%
T 0.583,
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—BB—0
1034 C—N
1113 C=0 — BP0 1101 C=0 T"'EEZ?Z
1423 N—pN034 CN---BD-6 1423N—H i} -+ BB-0-Pb
_ L _BP-0-Pb 3406 O—H . ~BB-12-Pb
3406 0—H 16226=0. --BP-6-Pb oy o 1624C—0F
. 2962 C—H BP-12-Pb ey i
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Adsorption and desorption characteristics of Pb*" in organic fertilizers with different protein sources during
decomposition

WANG Yu, WEI Zeng-hui, ZHAO Qing-jie’, WU Wei-dong ( College of Tropical Crops, Hainan University, Haikou
Hainan 570100 )

Abstract: The composition and properties of organic fertilizers in different decomposition stages are different, and the
adsorption capacity of organic fertilizers to environmental pollutants, as well as their environmental behavior and action
mechanism in soil will show great differences. In this study, chemical analysis, adsorption and desorption, Fourier
transform infrared and other methods were used to study the basic physical and chemical properties of soybean meal, bone
meal and shrimp peptide, as well as the adsorption and desorption characteristics of Pbh™*. The results showed that the Ph**
adsorption curves of soybean meal and bone meal without mineralization were in line with the Freundlich model, the Ph**
adsorption curves after mineralization were in line with the Langmuir model, and the Ph’* adsorption curves before and after
the shrimp peptide decomposition were in line with the Langmuir model. The adsorption process of Ph™ on soybean meal
bone meal and shrimp peptide in the process of decomposition conformed to quasi second order kinetics. The maximum
adsorption capacity of shrimp peptide was 246.01 mg/g when it was not decomposed. The maximum adsorption capacity of
soybean meal increased with the progress of mineralization decomposition, and reached the maximum in 12 months ( 316.42
mg/g ). The main forms of Ph™ adsorbed by the three protein source organic fertilizers are ion-exchange state, hydrogen bond
state and complex state. The oxygen-containing functional groups in protein source commercial organic fertilizer may play a
major role in the adsorption of Ph**. Therefore, priority should be given to the application of soybean meal organic fertilizer,
but soybean meal, bone meal and shrimp peptide may have the risk of re-releasing the adsorbed heavy metal Ph* in the
process of mineralization and decomposition.

Key words: organic fertilizer; the adsorption characteristics; Ph*

— 176 —



