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Effects of short-term application of sludge products on migration and accumulation
of mercury in soil-Styphnolobium japonicum system
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2. Beijing City Drainage Refco Group Ltd, Beijing 100044, China;
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Abstract: [Objective] This paper aims to investigate the migration and accumulation of heavy metal
mercury (Hg) in the soil-Styphnolobium japonicum system from sludge products in urban life, so as to
explore the response mechanism of S. japonicum seedlings to Hg stress, and to clarify the application
potential of sludge products in cultivation of S. japonicum seedlings. [Method] The study focused on S.
Japonicum seedlings, employing a pot experiment to establish three gradients of sludge application rates (0,
2, and 4 kg/mz) and four sampling times (40, 80, 120, and 160 d). The treatments were divided into a
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transplanted S. japonicum group and a pure soil group to explore the dynamic changes in soil Hg content.
The study further investigated the enrichment and migration patterns of Hg in the roots and leaves of S.
Jjaponicum, as well as the characteristics of subcellular distribution and the forms of existence. [Result] (1)
With the increase in the duration of sludge product application, the soil Hg content significantly decreased.
In the soil planted with S. japonicum, the addition of sludge products resulted in significantly lower Hg
content compared with pure soil in short term. (2) The amount of sludge product, sampling time, and their
interaction all significantly affected the Hg content in the roots and leaves of S. japonicum. At 40 and 160 d,
the application of sludge products significantly promoted the absorption of Hg by roots and leaves of S.
japonicum. The use of sludge products in early stage can promote the transfer of Hg between roots and
leaves, while in the later stage, it inhibited it. A low application rate of sludge products can significantly
increase the biomass of S. japonicum, thereby increasing the accumulation of Hg. (3) In the roots and leaves
of S. japonicum, Hg was mainly distributed in cell wall and soluble fractions, with a combined proportion
exceeding 90%. (4) The residual form of Hg in roots and leaves of S. japonicum accounted for the largest
proportion, with a range of 57.2% to 59.7% and 52.6% to 69.0%, respectively. [Conclusion] S. japonicum
can cope with the Hg stress brought by low application rates of sludge products, mainly through the

pathways of cell wall fixation, vacuolar compartmentalization, and the transformation of Hg into a low-

546 4

activity form for storage.

Key words: sewage sludge; Styphnolobium japonicum; Hg; subcellular distribution; chemical form
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Fig. 1 Dynamic change of soil Hg content after short-term use of sludge products
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Fig. 2 Dynamic changes of Hg contents in organs of Styphnolobium japonicum after short-term use of sludge products
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Tab. 2 Bioconcentration factor and translocation factor of Hg in Styphnolobium japonicum organs

after short-term use of sludge products

‘® % Z# Bioconcentration factor

R B[] b s R
Sampling time/d Treatment #i Root I Leaf Translocation factor
Sy 0.008 + 0.001aB 0.006 + 0.000bC 0.810 £ 0.116aC
40 S, 0.009 +0.001aB 0.008 £+ 0.001aC 0.931 £ 0.085aD
S, 0.008 + 0.001aC 0.008 + 0.001aD 1.019 + 0.170aD
Sy 0.004 + 0.001aB 0.017 + 0.002aBC 4.546 + 0.237bA
30 S 0.005 +0.001aC 0.024 + 0.005aB 5.065 £ 0.305aA
S, 0.005 + 0.001aC 0.023 + 0.003aC 4.730 + 0.176abA
Sy 0.010 + 0.001bB 0.027 + 0.002bB 2.817 +0.326aB
120 S 0.010 +0.001abB 0.028 + 0.003bB 2.706 + 0.079aB
S, 0.016 + 0.006aB 0.039 + 0.007aB 2.487 +0.510aB
Sy 0.022 + 0.008bA 0.066 + 0.020aA 3.020 + 0.195aB
160 S 0.026 + 0.002abA 0.039 + 0.001bA 1.484 £ 0.062bC
S, 0.034 + 0.002aA 0.065 + 0.006aA 1.894 £ 0.098cC

x3 BHEATREFRMERFIEAREEYE. ESRSERRRENFIT

Tab. 3 Effects of short-term use of sludge products on biomass, heavy metal content and accumulation of
various organs of Styphnolobium japonicum

i H Lb3 #H Organ i o b/
Item Treatment Total Aboveground/
R Root F Trunk ¥ Branch i Leaf underground
So 7.58 £0.83cB 2.15+£0.22aD 478 £0.58aC  35.63 + 0.88bA 50.14 £2.17b 5.65 £ 0.46a
A'\E
AR O N 10.82 + 1.88bB 1.45+0.38bD 482+ 1.39aC  33.99 + 0.45bA 51.08 £3.39a 3.78 £0.59b
Hg content/(pg-kg ™)
S, 14.13 £ 1.61aB 2.56 £0.23aC 2.73+0.50bC  44.94 + 1.28aA 64.35 +3.60a 3.57 £0.26b
So 20.95 + 1.92bC 83.82 + 1.79aA 1570 £ 1.19aD  28.08 + 3.43¢cB 148.54 £ 1.36b 6.13+0.57a
A48 Biomass/ S 68.61 +137aB 10289+ 11.55aA 18.33+7.69aC  90.53+ 15.87aA 28036 +24.88a  3.09+0.41b
S, 7391 +4.21aB  114.66 £26.93aA 1433 +0.47aC  64.74 £ 7.20bB 267.65+27.07b  2.62+£0.18b
So 0.16 +£0.01cB 0.18 £0.02bB 0.07£0.01abB  1.00 = 0.14bA 1.41 £0.16b 7.96 + 0.80a
AR E S, 074+0.12bB  0.15+£0.05bC  0.08+0.03aC  3.08 % 0.58aA 406+058  4.61+154b
Hg accumulation/pg
S, 1.04 £ 0.07aB 0.29 + 0.06aC 0.04 £0.01bC 2.91 £0.29aA 428 +0.21a 3.12+0.35b

T ANE RS F BER R B — A0 5 % 23 B 2 1) 22 e 35 (P < 0.05), ARVNE FBFRIR R — 8 B A A H 2 7] 2 5 % (P < 0.05) . Notes:
different capital letters indicate significant differences between varied organs of Styphnolobium japonicum of the same treatment (P < 0.05), and different
lowercase letters indicate significant differences between varied treatments of the same organ (P < 0.05).



Sl Ay

oAk X

¥

546 4

RE T35 5o (B AR A5 28 B He S &LV

Siv S, AbFE R E AR A B R Hg & BB E S
T Se(P <0.05); fEAHFI AT, EMM He & &
BEETHMIBE(P<0.05), IWEZET TP <
0.05), K/NHEF R M > > H > F. S
S, AbFE AR AN A B =T Se(P < 0.05), Hh
FE5MTAYRIVERIN Sy > S, > S,. KU H
TSV A Bh T E AR AT A, TR S T
AR, 9 Hg TEAEYIIR IR RIS L T 26 4F

AR AR LA B RR ) He FUER BRI S, Al
S, E R T Se(P<0.05, T Hefl B EmRIMN
S, BEET Sy M S, (P<0.05), B Hg fl R &%
NS, BFEET S,(P<0.05). Sy b 51 He
MEEHEEZESET S;. S,(P<0.05). 15T MiE
BT ERLER T He MR, i Fy e 32 BRI A7 6
HHE
24 BHERTRESREEHRTHE Hg 2 E

TEAS [R] Ab #EANEURE B ) R, [ BRAR R Ay &
V20 M 26 7y Heg 4 E 5] 1) 5 BI040 B BE 4 7 (Fa) >
W8 A S AT 404 (FdD > 40 i % 4153 (Fb) >
LR AR R H SR A2 B 20 (Fe) I AR (] 3)

7EE AR AR & Hg 148 i 5347 1 (1] 32), Fa Al
Fd i = #F & & H A &M 95.96% ~ 100.00%. 1E 40,
80. 120 d I}, Fa /7 Lt 100.00%: 7 160 d I, Fd Jit
o LB 3 0. 7R R Hg 13 40 i 43 A (L 3b),

Fa Al Fd — % 5 & 21 87.39% ~ 100.00%. fF 40 d
if, I Fa 5 A 100.00%, 76 80 d N, Fd 5 H
Ft, Fa o bLR B o R BE RS () AR 4L, AR A0 Fb Al
Fc H Hg & &4 it in, {2 Fa Al Fd 72 E AR &
HIHE P e 4F Hg 1 32 B4 5
25 WHEATRSREERS Hg BE

A I AR Vg TS Ve i S, ERRAR & Rk
ER(FOHg & iR (S)58.8% S,57.2% S,59.7%)
Fuw Fracis Friae M1 Fuep TE 3 Hg 5 EOAH 2, R A U
3| Fg A Hgo EIXJUF Hg TEA 1, Fy &6 1%
AEE M B 5 1), b B So N 9.3%. S, N 14.4%-
Sy N 13.1%CKEl 4D, M Fr [ FE BL Fr N 3 (S460.5%-
S152.6%- S,69.0%) . I 14 A EE P ik 1) F Al Fyy B
A Hg i HLHAK (S02.8%- S,18.3% S,11.6%), 5
PR 7 VA AR I Fraers Frae A1 Fyo A7 Hg 1)
Kb BB e S A P BG4 R TS YR
Ja, —ERREIRE T Fp M Fy, B2 Hg (40 Bc L4,
B 2R MR R A o Fp JEAS He A £ 5
HA
3 3t i
3.1 EHEATREEmELE H EETWL

TEME TSR HEAL J5, 13 He & & BE R R %
IRR I IZWT T B &S, X 5 i i B R w7 25
RA—2, X RREEEE S ERBATREE —

100 ry — — — — —1 — —1 — —
- B a N
=22 gt
Ty g
BT g
SERERY
o g =
S22
= 873
%gé 20}
% 171
2 0
= S S S, S S S, S S S, S 8 8,
40 80 120 160
100 rp — —
N _§
nEE 80y
BT g
SR
HEx
2E3 Or
53 20
S
= S S S, S S S, S S S, S S S,
40 80 120 160

BkERT[E] Sampling time/d
I BFc [Fb [ JFa
Fa. I fB BE4H 43 ; Fb. 41 B AZ 2H 43 s Fo ZORL AR RN i S 44 il 3 s Fd A% 2] (o> FI AT ¥ PE 443« Fa, cell wall component; Fb, nucleus component; Fc,
mitochondrial and chloroplast component; Fd, nucleoprotein component and soluble fraction.
3 EFAR R @R F (b) MM He 18541

Fig. 3 Distribution of Hg in root (a) and leaf (b) subcellular components of Styphnolobium japonicum
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