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Effects of sodium silicate and humic fertilizer on the speciation of cadmium in soil and the bioaccessibility of
cadmium in Lactuca sativa L.

HUANG Ling"**, ZHOU Cunyu’, ZHANG Jianqgiang"’, SUN Mengqiang"?, ZOU Qi"*, WEI Hang"*, CHEN Zhiliang"*

(1. South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangzhou 510535, China; 2. School of
Horticulture and Landscape Architecture, Yangtze University, Jingzhou 434025, China; 3. Guangdong Province Engineering Research
Center for Treatment and Remediation of Heavy Metal Contaminated Farmland Soil, Guangzhou 510535, China)

Abstract: In situ immobilization technology is a research hotspot in the remediation of heavy metal pollution on farmland. However, the
variations in heavy metal bioaccessibility and the health risks of amended soils are largely unknown. In this study, two soil amendments,

sodium silicate and humic fertilizer, were selected to study the effects of single and combined amendments on the physicochemical
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properties and speciation of cadmium in soil, biomass, cadmium uptake, and cadmium bioaccessibility in lettuce in a pot experiment. The

results showed that single application of sodium silicate inhibited the growth of lettuce, while humic fertilizer promoted growth. The

combined application of 0.6% humic fertilizer and 0.3% sodium silicate had the optimum effect on promoting the growth of lettuce and

reducing its accumulation of Cd. Under different treatments, the bioavailability of lettuce Cd in the stomach stage was higher than in the

small intestine stage. Compared with the control, each treatment could reduce the intake of Cd in children and adults, but the

bioaccessibility of Cd in adults at different digestion stages was higher than that in children. Single and combined amendments could

effectively reduce the carcinogenic risk and non—carcinogenic risk of Cd in lettuce. Under the combined amendment treatment of 0.6%

humic fertilizer and 0.3% sodium silicate, the health risks of lettuce Cd to children and adults were decreased by 40.82% and 30.21%,

respectively. Dietary intake of lettuce with different treatments is less likely to cause non—carcinogenic harm to the human body, but it may

still present potential carcinogenic risk to children.

Keywords : sodium silicate; humic fertilizer; bioaccessibility; health risk; cadmium
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Figure 1 Effects of amendments on the speciation of Cd in soils
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Table 1 Effects of different amendments on the physical and chemical properties of the soils

AL FH S 72 fhdit AR AR AR Ak
Ab3E pHAE . . . . ) . . -
Treatment H val Organic matter/  Cation exchange ~ Available phosphorus/ Ammonium nitrogen/ Available potassium/ Effective silicon/
camme LPH e (g-kg™) capacity/(cmol -kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 6.54+0.04d 32.62+0.69b 27.36+0.93d 219.84+2.88d 46.79+0.85¢ 76.34+1.25f 255.09+1.00h
SF1 6.51+0.03d 33.75+0.80b 29.67+0.35¢d 227.71+2.44d 47.65+1.16¢ 82.39+2.11e 407.07+0.73g
SF2 6.44+0.05¢ 37.24+0.27a 33.77+0.99b 243.50+3.99¢ 48.03+0.96bc 84.47+1.25¢ 743.03+1.58d
GN1 6.76+0.02¢ 26.28+0.16d 31.44+0.88bc 209.09+2.70e 49.04+1.58bc 96.50+3.35d 713.59+1.47e
GN2 6.96+0.08h 19.58+0.05¢ 14.88+0.49f 220.32+3.23d 51.50+1.49a 118.05+1.65¢ 785.28+1.31b
SF1+GN2 7.22+0.04a 32.60+0.17b 20.92+0.41e 259.62+8.01ab 50.15+1.22ab 123.74+2.29h 772.21+2.11¢
SF2+GN1 7.03+0.06b 28.81+0.89¢ 36.27+0.91a 266.93+8.03a 42.76+1.20d 126.99+1.66ab 682.06+1.21f
SF2+GN2 7.27+0.01a 33.96+0.90b 15.70+0.47¢ 252.05+5.43bc 47.63+1.28¢ 127.48+1.74a 792.30+4.17a

VE - B L B B b 22 I U0k s il 22 5 10 5 MR Duncan K246 [l — S8 bRt i) 5 BEA TR SR AL PRIAD 22 5 2. 2%, P<0.05. Rl
Note: The data is expressed in the form of "mean + standard deviation" ; Duncan test is used for the significance of data difference. Different letters in
the same column of data indicate significant differences between treatments (P<0.05). The same below.
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BABHIM
R2 ARG ALY 1% Cd SRR (mg-ke™)
Table 2 Effects of amendments on the speciation of Cd in soils (mg-kg™)

Jb3 SSIRPEIE Cd AL Cd S Cd FRIEZS Cd
Treatment Weak acid extracted fraction Cd Reducible fraction Cd Oxidisable fraction Cd Residual fraction Cd
CK 0.214+0.002¢ 0.432+0.002¢ 0.200+0.003b 0.719+0.004h
SF1 0.218+0.003b 0.427+0.003¢ 0.119+0.003ef 0.800+0.003f
SF2 0.183+0.003f 0.394+0.001d 0.253+0.038a 0.920+0.004d
GN1 0.203+0.002d 0.506+0.004a 0.162+0.004¢ 0.729+0.003g
GN2 0.196+0.002¢ 0.316+0.002f 0.106+0.006f 0.938+0.003¢
SF1+GN2 0.234+0.002a 0.389+0.001d 0.143+0.002cde 1.516+0.004a
SF2+GN1 0.182+0.002f 0.479+0.002b 0.155+0.005¢d 0.887+0.004¢
SF2+GN2 0.205+0.002d 0.376+0.003e 0.135+0.004de 1.001+0.003b

(=50%) , A=) JE5 AR vh A BILJSR 93 R OE J 1 7IN 93 F
HHLR SRS SELELS AR RRC K
Yy A 155 R PR B 1) ] AL AL A0, IR REAIR Cd (1)
TG SPER
BTt RE R AN T , 3 55 R PR IR Cd 7% =K,
AR LA Cd 75 2t B e 1 Mt o2 1 386 000 i R A, T
BRI Cd & 5 B 53 £ | iX 5 CLEMENTE 4587
WFFE 45 5 — 30, FL& BURERR 8 (it FH v] AR -3 by
YA SR KRS S A TSR SR,
P TAR B 0T 4 S WA, BRI L . il e A
HF R 45 R R, ) A= 3 it hn A (A NaxSiOs - 9H,0
TEXIMA) G, B S4 AES 6 88 Y Tl
WA Cd) 7 55 2 1 BB R AIG  T a vs 1 L 81
W ERIN, B IRTE 20% A A, 3% SASR IR G H Y
WFoE &5 R —30, 1 X — 45 5 i Ji D8 T RE 2 ik R
DA WO N 3 -3 )5 10 nT VA M E DA SR RE R
JIE AR A AEAE CHAETE Gt R v n] ik 40 8 TR
R, HonT R - v B R R - R DTUE -
SF2+GN1 A3 - 38 v 55 iR $ U Cd B i Ry i
F (BRI A 14.95%) , v] L1224k BRAE 5 2% B AR 38 v
Cd (36 P, etk 38 o Cd P 55 R 1 B3OS ) 4% i 2 55
NGy W R R S e ik . X — S50 SRR DY
SERIR 25 R B AR , RS R R - itk ]
FAARR AR e /NI Cd e P A B ) - 38 P A S Cd it
ST T, A5 W 0 B N e e 1) B S — 3 A
e it Jin 34 AT BALG A 398 v Cd A 3 1 (E L Tt o 114 3%
AT 5 — it -
2.3 AEEIHEFEME R R CIRI R
ANTF A BRI 22 SR AR AR T B L 2,
X REZH AR HE , St A 40 8 A N A B 4 v il 22 2 1) 3
EEST A B R R 39.08% , X 5B KA
BRI ZT 285 AR DL o Bt ik R A Ak B S 2 R

1% WHART]

Yy BT X BB . A=) B I 5 Ak 1R i A T Ak B
1, SF2+GN 1AL 380 ¥ 27 3 2 KA S RICR L T HoAth 2
Flv2H e A BE, (HAS 2 SF2 4h #fE ) 5C AT fig 2 i T A Al
FIMAAR T 22 S A K TR

AN T A BT 9 22 S Cd (LA TR T 1) A 250
UL 3, Xt H B 5 Cd BR & bR iE (GB 2762—2012,
0.20 mg-kg™") , AN [RIALFE T I 22 S b 3 Cd 5 5 [
4 0.039~0.089 mg- kg™, B F 0.2 mg-keg' o X
ZHAR B, P A Y 2 AR 22 S B Cd %
1 (P<0.05) , [ IE Hy 41.20%~56.18%; Hirh, SF1 4b 3t
22 B3 Cd 7% &5 518 (0.039 mg- kg™, P<0.05),
R 1K 56.18% , 1 & Wit fek: 7] LAAT 550300 ol 3ol 22 28 %)
Cd PRI, X S BRFR DT I 45 R — 3. [FIAE TR
Ab 3, ] B ARG I 22 3 b T NS 4 498 Cd B IR A, R R
H7.21%~51.35%, {H & SF2+GN1 A4b B /R 4R i 25
SF2+GN1 A HE R, i 22 32 &R Cd & 7t 5% 115 (0.180

40r

a
351 -I_
| ab
30 ‘I‘ ab ab ab *}
25 b

2.0
151
1.0[

=X
H

423

THEY
Dry biomass of lettuce shoot/g

Ty
o
n

o

O g N\ S \CTO LIRS \ SO

Ab P Treatment
ANRVNG FREFRIR AR PR 22 53 2. 3% (P<0.05) . T[]

Different lowercase letters indicate significant differences among
treatments(P<0.05). The same below

B2 REAERTHES M EETAEMENR N
Figure 2 Effects of different treatments on the dry biomass of the

lettuce shoot



BOEY 2 TR 5 I T AT 98 o 25 B 2 3 0 T AT R 1931

’_‘; 051 O b 3 Shoot [ Hi F & Root g /EJ;}E/?{EE? Snllall i<n?estine stage
v [ b H Fir B Stomach stage
P a ab SF2+GN1 o
ad ~ I ]
M% ME W NI SF1+GN2 be —
g — —— b
T g 03f g ‘} _SF24GN2 — .
S+ :k e = .
R = = "
ﬁ]ﬁ(g 0-2 . " § GNI b —3 —ab
El = ———
2! % o a = SF2 N ——a
o B -~
g "} ol | Bl ol ul| Bl | ®l| b S === = b
3
7:“: 0 |- |—I_ (1] |—I_ |_I_ CK ——&be b
T S S S S RN RN . . . . . . . )
B B ¢ ¢ %@*(’ %Q\XG %@,*c’ 0 1 2 3 4 5 6 7 8
Kb PR Treatment H W] 451 Bioaccessibility/%

B4 HmEZSEEMES CAHED AN

Figure 4 Bioaccessibility of Cd in the gastrointestinal

B3 AEALIE X i & SR YR (A R E i) B 2208

Figure 3 Effects of different treatments on

Cd accumulation (fresh weight )by lettuce stage of lettuce

mg- kg™, P<0.05) , BRIk 51.35%, Ui B & B kb PR REH R A% I BE b B E My SF2 + GN2>GN2>GN1>SF2>
Y RRAT A8 Cd TS Pk |, DB AR AR 2R X Cd By IR U o SF2+GN1>SF1>SF1+GN2,
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2.4.2 JUE NG A - NSRRI Cd HEA L AEAE Treatment JLAEChild BN Adul
RSP HIES SN AT IVE YN T o i R s
3o XMRALLHE CAY H A RED 22.829 pg-d™ SF2 11.648+0.292h 16.335£0.421h
A Cd g H AR 32.014 pg-d™s A[RIAEHLAT L E GN1 10.050+0.687h 14.093+0.964h
Cd ) H$ A 7E 9.716~13.488 wg-d™' Z [a], i A Cd GN2 9.960::0.049b 13.967+0.679b
B9 H $EA 7E 13.626~18.914 wg-d' Z 0], Bk SF1+GN2 13.488+0.485h 18.914+0.681h
F B IAS [V AR 5 AR R R h 22 3845 5 AR T L S e 11.959:0.058b 16.770+0.082b
A Cd 5 ACEE (P<0.05) . Hoop, Cd 15 A SF2+GN2 9.716+0.246h 13.626+0.345h
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Figure 5 Bioaccessibility of Cd in gastrointestinal stage of children and adults
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Table 4 Carcinogenic risk and non—carcinogenic risk of Cd in the gastrointestinal stage of lettuce

H B Bt Gastric stage /NGB BE Small intestine stage
JISTPRER AR TSR S e
Treatment Carcinogenic risk Non carcinogenic risk Carcinogenic risk Non carcinogenic risk
CR /X107 CR yu /%107 HQ /X107 HQ /X107 CR /X107 CR /X107 HQ /X107 HQ /X107
CK 2.31 7.07 4.50 2.70 6.44 1.97 1.30 0.80
SF1 1.19 3.63 2.30 1.40 6.60 2.02 1.30 0.80
SF2 1.56 4.75 3.00 1.80 6.51 1.99 1.30 0.80
GN1 1.06 3.24 2.10 1.30 3.25 0.99 0.60 0.40
GN2 1.18 3.61 2.30 1.40 1.24 0.38 0.20 0.10
SF1+GN2 1.25 3.82 2.40 1.50 3.25 0.99 0.60 0.40
SF2+GN1 1.37 4.18 2.70 1.60 4.49 1.37 0.90 0.50
SF2+GN2 1.08 3.29 2.10 1.30 4.66 1.43 0.90 0.60
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