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Growth and Heavy Metal Accumulation Characteristics of Plants in Matrixes of Water-Based
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Abstract: In this study, the water-based drilling cuttings were mixed with soil and/or decomposed sludge with various
proportions to form matrixes, and then the growth status and heavy metal enrichment characteristics of Ligustrum vicaryi and
bermuda grass in the matrixes were studied based on the quantitative elution of salt. The results showed that the main
physiochemical indicators such as the contents of salt and nutrients of matrixes after being leached were satisfied the growth
requirements of plants, and heavy metal contents were in line with the standard of green planting soil CJT340—2016, which met
the environmental quality requirements for greening plants. There was a significant difference in biomass accumulation between
Ligustrum vicaryi and bermuda grass in matrixes with different proportions of water-based driling cuttings and soil and/or
decomposed sludge, the biomass were highest in matrixes with water-based drilling cuttings and soil at 10 : 1 and 10 : 2. There
was a certain difference in heavy metal accumulation between Ligustrum vicaryi and bermuda grass in different matrixes,
Ligustrum vicaryi and bermuda grass have enrichment effects on Cd, Pb and Cu. Reasonable proportion of water-based drilling
cuttings can be used as matrix for greening planting.

Key words: Water-base drilling cuttings; Matrix; Heavy metal enrichment
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2009 AL X RIR I L AT R BT B
FES I T AR MHOCERAER -1 6 K il A 144 7 [
PRIEHE , (Rt s 1] 5 R, ELR & s [ 1)
R, AA7AE AL 7 R K 75 YL 0 T e XU 107
IR B R0 Y R, (Agh kg2,
PRI, 5 7K S0 8 A A R A T 1 — i 5 H T
SRALFIRIEAHER . WL, ARSCHAT TR R H A 7k
FLA B T ) SR AR A KRG, LI S K S5 )8 1)
BE AL FH B R

1 #REFE

1.1 REwrR

HERUK LR F 2017 4F 2 ASREE AVEm 3 0A
SRR F 5 T M 5 Al 4T R — I )R 4R
ZIUAR R R RIE TR E 2017 4F 3
H R A PR A6 15 K AL B A i 75 e 28 8%

WFJE, BRI EHEE 20 d Frlfs; dhikstik
FE) R 00 AR 4 v T o 0 AR O R A R, it
7 OUN SRR E AT, 5 PR K AT A T
Bk o
1.2 REigit

ML 5T 7K BE A0 T [R] 24 1 4 29 0 (2R Ji TS
it 2 mm G J5 , FAS 6] 5 He A IR A i e ik
ERILBEE 9 NAbEE 3 ASXT IR, AR BRI 3 AR,
HARWER 10 TR g 25 ek & e
IR 7 a0 A 25 L L B8 A N2 10 em, 155 30 cm
(AT FLI B A v, el FH 2 B T KA T R S5 AR 7K Sk
Wik, H SR — U R I S BT K SR B A,
Wi J 2 A T UG, AT AR 7K Sk = BEY R 5 em.
FEk VRS RS, I ARKT, BAR 20em, L
FI42 30 ecm AYZEER T, B3k 42 DTF-RESU 2 AR
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BRI, BRI R E I = b, A ]
9120 d.

Fz1 R

Table 1 Experimental treatments

b3 PR} L L (F ) A7 PPRHBT R (T )
CKI(¥ & 1) alKFAL B Bl KIS - 5 =10 ¢ 1
CK2(%} & 2) Ll 5 B2 KBS« FRT5E=10 : 2
CK3(%} & 3) 4l 4152 B3 KIS - A5 E=10 : 4

Al KBS« L HE=10 1 1 C1 IKFEEEE - RIS - =102 1

A2 KEEEE + 14E=10: 2 C2 KEEEG)E « BGEYE « =10:2:2

A3 KB - LiE=10: 4 C3 IKEERE - ER5YE - HiE=10:2: 4

1.3 BEmRXESSH

B2 B , o T A LB AL PN AN [R] i JEE
HE TR IR R R BE AT REAF AR 22 5% , PO A AL AL
MEETEE 5 em S EF ARG, FFARA
T B 16 H5 100 A& APEpRoREE,
RSB T EBR R WG, 5T O by R
o BRSO RE B BT WL B BURH]
HNO3-HCIO, 714 fift 5 WM 53 16 i vl s 1),
IR B O T A O SO B s
THEREAAOEE . WL Y. B 8%, $SRHA] HNO;-HEF-
HCIO, TH T OEEE R INE 5 R . B
HNO;-HC IR FIOLENE ; BRE R ITE
5E s pH ME R KL 5 - TIRFERALEIRE ; 4
EhAE R A E 5 ek SRR T B 5

B R R PR R S IR AR SR B BT L (B I 5 TR AL
PSR F RS R B R P — OB GEE I 5 2 Z0R LG
TERIEME ; BER BT G IE ; 28 R
JIGFERETEME , L e kS I GB/T 22105.1
—2008 ( LR AR, B, BATRIE R
ek B 1 WAy REPACRME ) " GB/T
22105.2—2008 { HHEfTE HOK. B SR E
JEFoet 5 2 3. e AR )5 (4
A AR E TR ) 1Y

2 #RGE

21 AREERILEERNFTEELER
2.1.1 AR HEFRNAR . pH SHA &R %
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http://soils.issas.ac.cn



%5

1o SR A KA FHAE L SO AR ) A A N o AR o BRI 20

1045

K5 em SFRARIKSGIRBESS , A5 Ab BN SR A B 5T
W 2. BHOKE, BRXTIEAN, SALBAZEE R 0.75
~ 1.25 glem’, HF/RIEHE . LSBT H
MU 22 HEACK, WG T 2G5 T A L 4t v, 5
R 2 AT BT REAR s &AL BE pH 4 8.0 ~ 8.6, HTJE
A5 pH R EME, M3 pH Rk, HmkEE
JERIE RS M A, AP pH BRI
G S IESR B 9hRE, Al A2, A3, Bl

Ab PRI AR LK F-(<1.0 g/kg), C3 AbFHFE =25
ERALIKF-(1.0 ~ 2.0 g/kg), B2, C1, C2 AbFHREZ i
ERALIKF-(2.0 ~ 4.0 g/kg), 17 B3 AFRATS Ay B £ 1k K
(4.0 ~ 6.0 grkg). REHT, KA HE X IR(CK 1) 52
15Xt B (CK2)WI iR 43k & 4 m it 1 10 g/kg,
HZEMEG CKL e S w2 T AR BT, 1
CK2 AR S R T 10 gkg, X AT RE 57578 A & HA
BRI G, SRR SR R A,

x2 ARELERMAE. pH SYIEERE

Table 2 Bulk densities, pH values and initial total salt contents of different matrixes

Qb B 25 (g/em’) A b it (g/kg) pH Qb3 X H (g/em’®) AR (g/ke) pH
CK1 1.27 0.78 8.40 Bl 1.10 0.99 8.35
CK2 0.36 13.63 6.32 B2 0.94 3.97 8.29
CK3 1.12 0.23 7.60 B3 0.75 5.55 8.01
Al 1.25 0.71 8.63 cl 1.02 2.10 8.18
A2 1.25 0.40 8.49 c2 1.06 2.09 8.14
A3 1.23 0.55 8.42 c3 1.08 1.97 8.07
212 AFBEHEFRMFIRSTE FosENE X)), B CK2 A& H R EE B (>500 mg/kg)

AR IR R — A AR & 3 )
I, KGN R (CKDBRBE S 2 BRI, A, &
AL RS Je BT (CK2) & TR I & i 1 AN
. SIRERENY/T 21182012 (B E LR ) 2
KA TE M sk 58 B B A 2 RS E LT, i
T BN ARE, H I ZbnifE A —E NS %

Gb, HAREAFFEREESR ; By CK2. B2, B3,
Cl. C2 Ab¥EA 5w & i bR v A0, HoAx kb
PRI FF A AR METE SR (3100 mg/kg); 4 CK3 BRALHR &
AT G AR HEEOR AL, A 25 b B AR L A o R
(>600 mg/kg). SMMAKE, A0 HHACH & AR
MR Z, WA AR S hREER

*3 FRELLERMFSEE

Table 3 Nutrient contents of different matrixes

piseil A (g/ke) 4 (g/kg) 44 (g/kg) Rt A (mg/kg) A 5 (mg/kg) T (mg/kg)
CK1 9.25 0.41 17.25 115.93 222 4 458.75
CK2 17.48 10.35 8.15 1023.57 930 4 900.86
CK3 4.56 1.68 20.84 142.81 87.33 319.05
Al 7.72 1.34 18.4 117.21 56.13 3 695.12
A2 5.80 1.75 19.14 117.45 41.73 3 764.08
A3 4.47 0.74 19.43 109.93 29.47 34188
Bl 3.11 1.9 17.01 176.18 79.63 5252.34
B2 2.18 2.07 16.98 212.94 137.33 44428
B3 8.29 2.55 16.96 323.23 109.47 487236
Cl 7.23 4.49 17.51 2332 149.73 5911.91
2 5.95 4.16 18.54 223.5 2342 5144.74
C3 3.1 1.34 18.88 206.51 98.93 5720.28
SRR - - - 50 ~ 500 10 ~ 100 50 ~ 600
2.1.3  A[AEIEC LR B Y 4 TR Y A PR AP RN R T 1L RhRHESh, RS A B 45

SESEWNE 4 P, 5 CI/T 340—2016 { 21k Ak
+3E) PlESESEHRAERGEE 5), B CK2. B3

WU GBI IR 1 Gk AR Z0R : 14
PRUETE TR IR IR R AR T FAR R T B 2R (PR3,
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Mgk, I, LUKIERTE M EOREE7E B 4 20K,
4 TARLERHESESE(myke)
Table 4 Heavy metal contents of different matrixes
pisy] il B B K fif it ) %
CKl1 25.0 101.0 37.3 0.086 6.15 9.75 0.086 37.8
CK2 66.2 255.0. 443 1.04 6.20 49.90 0.628 115
CK3 27.1 78.0 30.2 0.148 14.70 40.20 0.064 50.4
Al 21.1 119.0 23.8 0.087 6.89 19.60 0.207 30.5
A2 223 95.8 254 0.093 8.54 4.71 0.184 40.8
A3 19.0 89.9 25.5 0.096 8.35 19.80 0.174 42.9
B1 29.0 112.0 31.8 0.165 6.77 3.68 0.215 50.1
B2 30.1 120.0 345 0.243 6.02 3.60 0.282 51.2
B3 36.7 160.0 36.9 0.479 6.35 3.56 0.295 56.5
Cl 26.3 130.0 323 0.343 7.65 5.67 0.188 48.0
Cc2 29.2 135.0 29.6 0.268 7.78 3.50 0.239 50.9
C3 21.2 116.0 29.2 0.205 9.19 7.08 0.184 46.1
*5 ZRUMETREEECRESERAER(ng/ke)
Table 5 Technical requirements for heavy metal contents in greening soil
el A L2 I %% III %% v %%
pH<6.5 pH>6.5 pH<6.5 pH>6.5 pH<6.5 pH>6.5
il < 40 150 300 350 400 500 600
BE< 150 250 350 450 500 600 800
B< 40 50 80 100 150 200 220
K< 0.40 0.60 1.2 1.2 1.5 1.8 2
fifi < 30 35 30 40 35 55 45
gr< 85 200 300 350 450 500 530
< 0.40 0.60 0.80 1.0 1.2 1.5 2
< 100 150 200 250 250 300 400
2.2 AREEEERITFULEY E MR W At TR AL bR IR R, CKI AR,

A )i RE A G b S AT ) ) A R, T A= 4
5L 114 e VAR T DN T 52 PR A % 256 T A 325 7
Saint-Fort F1 Ashtani 5% % B, — & f 4L B R 5
Yrle] R A B T ek LR B (Rt el e 1k
FEY S FEAEY A YRR B 1R, FEAR

15
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% 'E[f —:LL adeecde abcde abcdeabcde
H.m . .

i
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TEK LA 5 R A AL TR, A P S IR 1
Y LG 35 TG ARV A 34 5 K R0 TS 45 005 1
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Biomass of Ligustrum vicaryi and bermuda grass in different matrixes
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P L 1 3 R, A 2 AR ) AR g A A e B ) 4
LR FARE, HAYWRDL A2 AFERE, C1 A
efle TEKIEE B S R G 1A, 3 AN bR
A= W dE E R T R IR Al K JE B T (CKL) 5 4l 1
(CK3); 7K E S5EAT5IRIEA AR, HA
Yy 5 T 5 IR T A7 R B T 4R T, E Ak 2 ]
ZRADE; FKIEEE | BAETS R HRE
AL B £ Ab B AR it B A T B Y 4
mETt .

23 ARRIEERMEDENESEETEZRRE

g

MY ES R RS, TEZEY YR S5HEY
EHERE SRR, PSR i AR A R AN

YRR RTINS, H A KO0 E LR B
SHTE—EZR

6 I, &Mt iiES s B ERAN:
CK3 %, BB &, CKI1 e R s,
A3 RRFRIEG . B R R . FEKILENE S R
AHEET T, BEE SR BIAE Y. AR R
BEHN, e REE R TR KIRETE S
JEBGIRIR A R, BEE 2GS U LB A 3g
BB B BRUE RN, M BRE T
B 25 50 KIS | 5 S 13 =R A r Ak
B, 5 BTG SRR BE A G B s S IRRAIG
fkaF, e A BRI R R 22 R AN 2 o ROk
E, SESEICRMNBEFE . H>E-E=E>0.

x6 ARERTEMZAMMTRUEERE RRE (ng/tr)

Table 6 Cumulation of heavy metals in Ligustrum vicaryi and bermuda grass in different matrixes

Lizk7] hb P B b2 il R Ll
M2 it CKl1 49498 £52.39 a 1.49£0.16 f 60.82 £ 6.44 ¢ 100.93 + 10.68 def 524.1 + 55.47 ab
CK2 247.30 £ 46.87 be 2.28 £0.43 def 92.73 £17.58 de 103.68 £ 19.65 cdef 200.69 + 38.04 de
CK3 486.1 £54.09 a 441+049cd 21456 £23.88 b 26428 £29.41 a 575.51 £64.04 a
Al 265.25+25.8b 3.86 £ 0.38 cdef 108.13 £ 10.52d 127.84 +£12.43 bed 554.84 £ 53.96 ab
A2 170.03 + 39.72 cd 10.53+£2.46b 160.94 £37.59 ¢ 87.15 +20.36 ef 462.51 £ 108.04 b
A3 261.99 +£24.48b 16.74 £ 1.56 a 264.41+£24.71a 139.92 = 13.08 be 211.81 £19.79 de
B1 264.07 +48.25b 2.42 +0.44 cdef 108.76 +19.87 d 124.02 £ 22.66 bede 346.62 £ 63.33 ¢
B2 212.87 £15.34 bed 1.73 £ 0.12 ef 73.81 £5.32 de 94.20 £ 6.79 def 262.62 +18.92 cde
B3 13633 +£11.20d 4.76 £0.39 ¢ 88.36 + 7.26 de 69.72+5.73 f 229.52 +£18.85 de
Cl 179.57 £ 50.33 cd 10.66 £2.99 b 156.81 £43.95¢ 82.62+23.16 f 187.58 £52.57 ¢
C2 236.26 £26.82 be 3.9+ 0.44 cde 112.74+£12.8d 156.26 £17.74 b 305.06 £ 34.63 cd
C3 242.82 +48.83 be 2.02 £0.41 def 100.06 + 20.12 de 129.86 +26.12 bed 205.46 = 41.32 de
i 2 R CK1 172.35£67.31 be 0.71+0.28 ¢ 35.50 £ 13.86 cd 50.56 = 19.75 bed 57.98 + 22.64 cdef
CK2 285.55+ 14.68 a 1.52+0.08 b 63.78 +£3.28 ab 83.65+4.30a 137.97+7.09 a
CK3 100.44 + 55.88 cd 1.04 + 0.58 be 20.55+11.43 de 47.05 £ 26.18 bed 108.58 £ 60.41 ab
Al 8521 +£37.75d 0.63+0.28 ¢ 24.88 +£11.02 de 40.26 +£17.84 cd 70.89 + 31.41 bedef
A2 134.56 + 16.74 cd 1.10 + 0.14 be 51.37 £ 6.39 be 80.70 £ 10.04 a 102.21 £ 12.72 abce
A3 162.61 £ 17.41 bed 1.11£0.12 be 75.27+7527 a 59.93 + 6.42 abc 92.76 £ 9.93 abcde
B1 119.72 £23.83 cd 0.89 +0.18 be 22.04 £4.39 de 39.61 +7.88 cd 49.68 £9.89 ef
B2 117.61 £13.34 cd 0.80 = 0.09 be 4526+5.13 ¢ 32.44 +3.68 cd 50.53 £5.73 def
B3 93.45+9.54 cd 0.59+0.06 ¢ 33.21 £3.39 cde 35.80 +3.66 cd 99.92 + 10.2 abed
Cl 111.79 + 60.25 cd 0.72+039 ¢ 14.88£8.02¢ 3045+ 16.41d 49.04 £ 26.43 ef
Cc2 175.13 £ 33.20 be 1.19 £ 0.23 be 44.55+845¢ 74.17 + 14.06 ab 61.55 £ 11.67 bedef
C3 233.18 £55.41 ab 331+0.79 a 45.61 £10.84 be 38.44+9.13 c¢d 36.90 +8.77 f

T FFVERE A NG B3R R R — A T S [ Ak B ) 22 53 . 35 (P<0.05)

AR TG 2 ot A AR PR AR AR X AR
HoE 4w RRERARX D AR, 4 E 4R
R R B> A>T KRR E S
AT, B 5. AR SRR R L L)

RSE TGN 5 KRG S 5 0 B TS e TR A i 2R
BE BB SR BLERETS Y L] R3S TR, TR A 2R
BUELRETS Y8 L A3 D £ 5 5 /KGR TS e
5= FRAMAB T, B BT RERE L
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xT1 FRERTEMZAMATIRHNEECEEERRN
Table 7 Bioconcentration factors of Ligustrum vicaryi and bermuda grass in different matrixes
Ab ¥R M T o 2 AR
B il it B kil B i il B il
CK1 0.65 2.29 0.83 0.36 2.77 0.64 3.09 1.36 0.50 0.86
CK2 0.09 0.33 0.17 0.22 0.28 0.27 0.59 0.31 0.46 0.50
CK3 0.50 5.56 0.43 0.71 1.71 0.40 5.08 0.16 0.49 1.25
Al 0.18 1.47 0.44 0.42 2.08 0.21 0.90 0.37 0.50 0.99
A2 0.16 5.11 3.05 0.31 1.85 0.31 1.33 2.42 0.70 1.02
A3 0.29 9.39 1.30 0.54 1.09 0.46 1.62 0.97 0.60 1.24
Bl 0.26 1.26 3.30 0.44 1.33 0.44 1.56 5.17 0.43 0.73
B2 0.15 2.21 3.21 0.26 1.00 0.29 1.06 1.78 0.33 0.48
B3 0.13 0.57 2.02 0.25 0.70 0.31 0.91 4.99 0.52 0.46
Cl1 0.15 6.00 2.92 0.27 0.75 0.47 2.10 1.43 0.52 1.02
C2 0.18 1.69 3.34 0.55 1.08 0.43 1.64 4.19 0.83 0.69
C3 0.22 1.15 1.49 0.47 1.02 0.61 5.47 1.96 0.40 0.53
3 zp RIS . 4 M LE— e BT ERAE T, (LT

1) DAZKIEESJE N JFURHI SE I, 7R 28 ad bk ah 2
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SR R AR

2) BRAKFEEEEE - JBAEIR =10 @ 1 KIS -
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