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Ecological Effect of Phytoremediation on Qil Shale Waste Dumps
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2. Mavming Petroleum Chemical Company of Chinese Petroleum Chemical Company, Maoming 525011, China)

Abstract: The plant’s growth, litterfall, soil bulk density, soil organic matter, pH and plant diversity were
investigated in two oil shale waste dumps in Maoming, Guangdong Province. The south dump was afforested for
18 years, and the north for 3 to 5 years. The results showed that in the south dump, the standing litterfall
production increased by 1.39 times, organic matter in soil at 0-20 cm depth by 52.39%, at 20-40 cm by 50%, and
soil pH by 0.28 unit, as compared to the north dump. The pH in south and north dumps increased by 0.99 and 0.71
units, respectively, compared to the bare dump. The invading wild plants on the south dump amounted to 138
species in 118 genera of 48 families since oil shale waste dumping 45 years ago, and the north dump amounted to
66 species in 63 genera of 24 families since dumping 28 years ago.
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AR RSN AT I A R, AR A
V= RRAXRLEBLEE. HXEFEANKE
FVEERE M R i I B A R E ROR . EEF
K, BN ANEH—LE B R T g A SR E
v, W Y 15 & (phytoremediation). ‘2 4 [% fi#
(biodegradation) 5 4 #) 34, (bioaugmentation) F AR
goo, HRRE.

B E AWM IS B E K, SRR
W AR 4.83x10"t, FiailsHERER
2.90x10°t, B FS 4 0. [ RMIUA PHIFEAE AFE
B, CERBIEE 7.57x10° ¢, A1 JE A5 =, ke
15 5.10x10°t 00, RLFE AT 50 440, TR A aE
T LAR A T A AL LR,

T EAEBRE A AR H 1955 FAEK A
AP G i AR R T R A R T R AR R S Y 2
FE IR MY 5 S HETBC T T X R AL P AL I R M S (R AR
HERUHE), X3y SOWR R R S N K a5 .
T B TR A A AR EA R, 6 TR A4 R R
TUH RS KA SR AR AT A SR . W
TR BRI R RSB EL D, BAF 2 ISE R, %
AN I AR TR T M AR iR %
Fob P 3 1A AR ALY (B b HEIE A ) k45 R D)
ARIE), FAH X LA v Y kT IE R . B
1985 FEAE R HERHAT FO A AR R G AR, Pl AL
i 5 7% (R A8 B (A cacia spp.)« ¥& B (Eucalyptus spp.)-
FARY (Pinus spp.) % 16 1, 3k 57.55 1T TR A R4,
F 1990 4F Bk i 3p DA T Ak Akl 2, W HFREAk 9 a
fo, RESHER HILE K L, ERREEEE,
. B EHEHBIN, MK 162 7, HEMLEY
R B R T4 20 %, DR L R A | E
B BT I LA R - IR E A ER A B 1, TR AL

PR AT T B A SRR b, A SCARE By AR Al
A RR DL R WP 2 B SR IS R0 R 5 IR 5
g IR, TR AR B AR B VR SR B AT, SR
YIS R BRSSO, R B IR ES
REMRERMSH.

1 A XSS

1.1 HAWRE

J"HRAEELT (21°25'-22°42'N, 110°21'-111°
46'E) )R A X, M A B b 2, T it B KGR
fik. SRR 23.2°C,1 AFEE 157C, BiUR
L7°C, kM. 7 03 28.4°C, M S iR
37.8°C. 4PN E 1567 mm, HRTE4-9 A, 4
FRRKER 84%.

AR KER Sy A & R TR, T8 IR AR
OTHE H LTI RIOKAE o Mt AR A PR R A,
REAEFA. KEEWKAEREEK, ERFE
Y[ B 264 K B (Clerodendrun erytophyllum) 1k
45 U8 (Rhodomyrtus tomentosa) | 8 T (Wikstroemia
indica) % ; EEATT CHL T (Eupatorium odoratum). It
W9 B5 (Eriachne pallescens)~ £ B H XX (Ischaemum

indicum) o

1.2 i T E EE G I IRE

IR Sy 4 T ) | [ RER AL [ A A (S00°C-H1R g
HEH S AR IR (800 °C A4 75 43 I R ) 3 €24 (1)
St CRRE /N (Rl U R - CA Il T e T R R
FEFTALR . KT ALO; K SiO, IfF &, 1M
CaO 5 MgO W5 BEK, Ca tatT Mk, AL BT E
A, KT H R SR T VT, R e v LR
X W, B 7R JO R I AR R IR, T A R

®1 @ AbHERHRR

Table 1 Information about oil shale waste dumps

1;\"'5{':"‘ i’ H"’EJ_I”J Time of pr(;dIJ;;llg shale oil
A HEIN M) Dumping time
BEHEHEFRIR Dumping area (hm™)

i /¥ Waste hetght (m)

FATRIEE Numbers of species planted
MM $ 5 Number of individual plants
HURHITBT Afforesting area (hm°)

MBI TA] Planting time

1l AL

South dump North dump

1955-1993 19551993
1955-1975 1971-1993
140" 670M1
2030 20-30'%!
HUEA) 167 TN AP 17250
5.7x10° L1x10°
140 2842

1985-1990 1987-2003
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FETTIE 40°C o (K& HE 18] 3k 30 24F, KEB
A O AR AR £ E M. &, 408
HEAENINE 1.

2 MY TT Ik

21 ilEY

B 51 i |- A A AR PG 3, AR
RAFEIAEY)EL 16 AU,

JeHE: MR R A A S, B 2 A g
P VE R RD, WA o L ORE AR LR BT K S
B . 19992001 4 [HIFi g H A KALHF AT #E B LI
B 43 Fh 2 24 ¢ 41 R (Tristania conferta). z: 78 A1 FE
(Gmelina arborea)~ ¥k J) R (Cassia siamea)- ¥ 58 785 Bk
(Syzygium cumini)~ ##l Wi 1= (Terminalia bellirica)- &
B 41 . (Ormosia pinnata)~ 214§ A (Schima wallichii)
FAAEPNBR(Khaya senegalensis)5s o

22 Hik

MERASEE RAEBEHAN1248H
20-80 cm. ik X A A LI SRR, RK/AD A
50 cmx50 ecmx60 cm (%K), B 7 BUE BV S ke,
A ZRHE 2 kg, EATE 0.25 kg, HARL + 7415
I R UM H AT 3, BN 55 DL B /R AR L, BRAT
BHIA N 2 mx2 m. RIS B KR, /£ 4 H-5 A4
A T, EREFARENSREG 1- 2 d B, U
TR/ S AN L3R A (R ER, sE AR AT A
e ERE .

" ERKER N /NP P R RV O U R
P By el LUS R E B (R HE) U B, R
2 1.3m 5, i,

HARERRKRR AEFERE. RAZ
(10 mx10 m) A Z (5 mxS m)FHF A2 mx2 m),
WENFARE: R &R S e, e d
s AN A L A B G 2 M B =
i

HYEHERE ELEYBRETME
HIEEA 1 mx] m #AFFEECLED): 7 HESR
K TEFE I ZIEME S .

THEAESH  pH: HBAENSIE FHHL
TR A ER AR LA - ARk, 2R BRYT - TR
WLk e ik B E: AL ENR R - sEm L
yR0e, S BRIV - LE AL 3R - 0.03 mol/L %
14, 0.025 mol/L HCI 232 - L ik, 44 BV -
JR P IR W B 909, R HH : | mol/L &R IR 1% -
JELT R M JBE 309, 4040 BRI -ICP W 209 - BEYE
AR ATIR RN - IE — WARER Y - EIREANIR I 45
IR LE L 0 2R e R 4D 0 1 mol/lL S AL B R 4R -
i E N,

3 &R MO T

1 H A EEEGERLFEST
3.1.1 pH. B HURAFE S

TS R G HE B WAL H) AL E e i R
2, W, RESHEEY pH 2aE&EY K SBKE
BB HUTLR ARG s H A = bR 2 2
KA EHBRELMSEETFER, 2ENLBHS
BHAK. B LF, USRS RE S E.
312 BEERBOE

EHERESRTEE HIVWRELER &
Frie, EMEEL LS YA R AR P
i, HAPHIUE KB SHNEILES Cd TFHEE
L R A Y R 3.3 %, A KM ES R
& BN 1.06-4.76 .
313 REHEEE

WIUE RS B, MU A A
BETZAXEIM(R D) L FHEEN
61.54 mmol kg' (n=21), & 1k ¥ H A 43.08 -
73.75 mmol kg AN [FTEA IR R 3 A —FE,
Horp DA SRt R TRT AR W5 | ) W B 9 A B A 4D

R2LEHAEMERBEGERTFH

Table 2 Nutrient contents in north oil shale waste

. — HHE . T " R
pH fi }rJl..[ﬂi (%) ERE Available N PRA Available P S Available K
Organic matter  Total N (%) 1 Total P (%) 1 Total K (%) 1
(mgkg) (mgkg™) (mg kg)
1 A{H Mean 4,01:0.24 4.19x4.71 0.084+0.08 62243516  0.071x0.05  2.03x2.18  1.004+0.49 106.78+114.8
A4k {ilH Range 3.74-452 0.4-11.84 0.007-1.85  28.2-1204  0.01-0.14 0.1-5.4 0.32-1.77 10-332.8
n 8 6 6 7 6 7 6
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Table 3 Heavy metal concentration (mg kg) of north oil shale waste dump
| 5k [ 18]+ " e IR B R
HHFE Kinds of matrix (0-20 cm) e gty | R RRE
o National Standard v O HERMEE S RAE
LE I % Median X ) i
Elements ST AL N , : . values of soil in Median values of ~ Maximum
MICENKE  BAMTE  #E L Surface Hhrl AR S soil in value
Shale ash  Granulate shale  soil from shale Orchard ~ Farmland Maoming Guangdong
Cu 34.95 28.44 12.52 150 50 10.5 114 98.7
Zn 104.61 98.3 24.36 200 — 22.0 358 227.5
Mn 178.59 156.13 43,94 — — 72.0 151 2825
Ni 27.75 22.1 11.31 e 40 9.0 8.8 200.7
Pb 43.18 52.27 30.30 — 250 24.0 289 163
Cd 0.123 0.115 0.058 — 0.30 0.036 0.04 2.286
Cr 36.17 20 16.17 150 — 34,10 34.80 350.4

* [EHK HRHE Second class of National Standard; ** [~ #548 FRg U s, 1

THUE LIRSS BT 4, 1990. Data from Collections of

Soil Environmental Background for Guangdong Province, 1990, ed, by Environmental Monitoring Center of Guangdong Province,

Fd4 REBTWERENY BT840 & B(mmol ke

Table 4 Concentration of exchangeable Al (mmol kg?) in oil shale waste and in local laterite in Maoming

TR THTL 4 K ERE S g Y AT TG M 7 S

Soil depth (cm) Oil shale waste Laterite near waste dump
0-20 60.570.55 964009
20-40 69.03+0.62 9.94+0.09
40-60 66.22+0.60 11.700.11}
60-80 73.75+0.66 11.77+0.11
Y-+ Mean 67.40£5.51 10.76+1.13

(AP, SV fE E R AP, 3B Al IERE
BE A TR B T 0, Ho AR B A B
LGB i, T3 AL BV AR B A2 [ A
HIEEH AN E AL BT, A%l vis Kk
ALO, it &5 LU Ky 24% , UK T Si0, (62%)2, 43
FMERER, N AP FRKEHEDIM T &4,

MR 4 ] AT He itk 45 £ B0 Y40 e Y b v 47 18 7
5.72 4%, ARG, W TUE KR ALO, & LE Y

RRLUREE A I LSRR B RN L
JZ T EES BT AT R, R+

T ALK — DN EZEN L, RELRP RS
HIVARE AL JE L& FhiR A BIIR R 2 R R B Tk
BB AR AN, R 4 BREETELHREES
R LR AR RS 00 AT BARAL

3.2 EWERKRK

T HE BT AR RIS 40K 88%—98% , A MR
K 90%, MARLE KRB ILE 5.

R L5ob P AH B MR = T AR B4R T 4 A% A
WA R 2-3m, &% N 34% .28% Hl

£S5 HARKERRA

Table 5 Tree growth on south oil shale waste dump

Ridy BE TR
Species Height (m)
Kt # ¥, Acacia auriculaeformis 13.29+3.21
WD Pinus ellionii 8.310.55
LAY Eucalyptus exserta 15.53+3,06

Ty el
Diameter breast high (cm) Density (plants hm™)
13.0543.26 1600
12,97+2.39 1750
15.1424.22 875

FRAEI: 1985 4 4 3, AN 2002 16 8 H; 8RN

M &R: 4%(10 mx 10 m). Planting time: April, 1985;

Investigation time: August, 2002; Sample area: 4x(10 mx10 m})
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15.3%, ERGEFE SRS} (Lantana camara)s K
H KA (Urena spp.) 2 ; EARE T 60%-85%, F
B KHLEL. HAE (Borreria latifolia). {840 E
(Achyranthes aspera). HEH; (Synedrella nodiflora)
%o B, BHEEMAARERE, WERK(Lisea
glutinosa)~ . B B (Bridelia tometosa). 17 1
(Cardllia brachima)- \L) 3 WK (Trema orientalis) 2, N

O 2-4 m B4R .

JbHE: 2004 5 8 ARG 4-5 a), LR
TR, PR EAAE 1 m, O E 4-7 m, W
ik 5-11 cm, #42M 029-1.52 cm 4 10.24-
18.14 cm. A KRBT HIFFH RIE 6. (HRILITER
Tt (7 7 AR b 28 o 8 B07E HOR T AT (BE M T 50 em
LA )R o b, 800 iR A B B R mi it R, 1B

26 dbHrsARERMR

Table 6 Tree growth on north oil shale waste dump

il Bz

Height Basal diameter , FaK RN E.%BSO cmbl
a9 . Mtz - Synthetic ];ﬁ ﬁ;:”&
Species W}ﬁj " K{%ﬁm #£1% Basal iﬁ&mﬁw ilizrl?ezecr)t;rci;;t increment index numbl;:(;elow
Height Increase times diameter (cm) Increase times (A+B+C) 50 cm
(m) (A) B)

WA Terminalia bellirica  4.86 30.38 1024 35.31 7.00 72.69 0.0
W4T 5" Ormosia pinnata 4.61 15.90 13.33 15.68 7.85 39.43 1.2
41 WA Tristania conferta 7.00 11,29 16.33 16.01 11223 3852 0.6
0 B Syzygium cumini 5.45 8.79 14.56 14.27 10.67 33.73 0.2
S TIK" Cassia siamea 5.26 11.19 14.21 14.07 6.39 3165 26
2 45 A" Schima wallichii 4.36 6.81 15.38 15.54 7.96 30.31 1.2
ZWAFE Gmelina arborea 5.28 6.77 18.14 11.93 6.59 2529 34
A" Khaya senegalensis 4.16 8.00 10.69 9.97 5.22 23.19 1.2

FHERE 1) % 1999 4F 5 J1; **2000 5 5 . Planting time: * May, 1999 ** May, 2000; i #:f[]: 2004 ££ 9 B 20 H.n=10. Investigation time:
September 20 th, 2004, n=10; *** [ 2000 G 5 H A #iIf k@ A 42 11 §T Tree height and basal diameter are initiated from those in May, 2000,

T ASEROE SRR HEAR B AR, X A LB A
HENEE A R — DA

33 EEHREMNHANEEELNMRYMK
3.3.1 %) M A E I

R EMET EERAR R T ZHEAR . EARHY
KB E D) A F R R R B T BV R,
ME T AR ELEEER T), MM 18 a 1
FELLARIAR 4 a FILHRA BB ERINT 1.39
&, JLHEF A S I B L A RES 32a 10
FIEAHAR. TR RGN RIS R AL, AR
PEA%, WM 18a FIRHE 020 cm W LA E

(0.98 g cm?, LA F R LLAE A 4 a (Fb4E(1.04) B,

20-40 cm 1275 A RFHE0.96) 8 AL HE(1.09) A 5, &

WA, H 0-20 cm & 20-40 cm 1 I

B EIE B AR 32 a (R A 42

332 LA VUREEMER
PB4 0 A MU A B T BB AR AR

WA FR BN, AT AL ol bk 18 a R HE L

A LS BBk 11.81% (0-20 cm)Fl 11.25%
(20-40 cm), TukaM 3-4a KILHEL AR S &
¥IEAL 7.75% (0-20 cm)F! 7.50% (20-40 cm), 1]
HEAMRERZRKANRE MR, FVRSE
SFHIBEINT 100.85% (0-20 cm).99.47% (20-40 cm)
FI 74.90% (0-20 cm)+2.30%(20-40 cm). it
HERILH:, RBHRANR FZA YRS EY
BAK, FHEY Y 4 5.88%, tbdbHE(4.439%) S . (BIR
B ERNEEMK L REHRE R(G.88%)E T
2 RG AT ER R 2R B HI(0.97%) « IX 1t W] R b b 2
HERTFRTRAESHYBE AL, Kl
A PR S & E TR, W TIAR I = B A Fe bk
HFIE VLS BEH AL, & 0-20 cm FI 20-40 cm
9Bk 2.44%.,2.25%F1 3.09%-3.48%, £ XAt
RN, 3K A MR A RITE - (i U FRR BT R L)
ABE, MERANBEVRSEEBEEVURS &
TR, X T e At 308k TIARH = B A AR AR LA AL
Bk m 2 REA.
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Table 7 Standing litterfall production and bulk density of soil under forest grown in oil shale waste
WV T I A b . 75 B s
ﬂ.h‘ﬁ LR . FILHT T Lnfrﬁfﬂplryiﬁzm Bulk-:iﬁ;fé em’)
Sites Upper stratum species Planting time A —
(thm™) 0-20cm 20-40 cm
ik RM¥E Eucalyptus urophylla 1985 (18 a) 6.38+0.12 0.97+0.07 0.95+0.05
f:)"lh waste dump  pp AN B A cacia auriculaeformis 1985 (18 2) 4.60+0.17 0.970.11 0.9920.10
THAR Pinus elliotrii 1985 (18 a) 6.2540.15 1.0120.13 0.95+0.03
¥ Average — 5.740.99 0.980.02 0.96=0.02
Bz ¥R 41 T Ormosia pinnata 2000 (3 a) 3.48+1.35 0.930.19 1,100.20
g‘;“h waste dUmp 2 G Tonhrosia candida 2000 (3 a) 3.48+1.35 — —
FEB Cinnamomum camphora 1999 (4 a) = INRES 1.00£0,15
LA BEGmelina arborea 2000 (3 a) — 1.08+0.07 1.17+0.13
I Average — 4.13£0.92 1.04+0.10 1.090.09
JeHemh s kit BRARECT R 1971-2003 4.57+).88 1.0920.05 1.18+0.17
North ash dump (32 a)

* TR ) 2003 £F 12 J1; Investigation time; December of 2003; BUFEEFl:a: 2 m x2m n=15; b:0.1mx 0.1 m, n=20.aand b
represent sampling areas of 2m x 2 m (n=15) and 0.1 m x 0.1 m (n=20), respectively. " {5 J17LIFf Sampled by cutting ring

33.3 -3 pH EM I

B W AR A KFER I E K, TR E TS
Bo#aF. FIHF 0-20 e + 2SS4 F O HH R
B GRS, LU )P pH B4 5.00, EAbHEA B
HBTIRWEAS . aEAaN, U FDAETINDTE
0.23 BN, T 20-40 cm L2 pH 1 W) ¥ 4k 2 B A
K, BEHEES R 4.73, LEEF N 4.74. HEW G R TE
HAcH Rl bR B A NR IS T 0.99 A
0.76 A EAA(0-20 cm), L3% F 2 pH L LL T JZ
Fre JEHEREAR R R AR F - [ 3 pH LA A
0.57 A HAL, B AR TR B Al 1 AR B ) S th 2
T 32-33a, H pHEHA S 1 0.57 A~ 541 A
JErAbHE I pH B SR A w T HEL Al s T
0.42 N ELAL(LL R [H)(0-20 cm).0.18 (20-40 cm), 1
0.19 (0-20 cm 1 2040 cm 4 [A]). &R, 18 ot
FER MR RSE =R AL A Y pH (H, R R T
AR

34 HEMERAVMHEHFEER

W% B HER b HE B R R R T I A
B M ULARAER SRR RIZ R L BEREA
JEARFIA I . b, AR EE, 4 44 F,
hROE SRR RO 66.67%, HLIXCHMEAR, 13 B, 5
19.69%, 38 = ABEA,7 B, 07 10.61%, NFAAL 2
B B HE A A R A FE B (HA DU AR R £
A 75 B o B SRR 54.35%, HK O HEAR, 39

Ry b 28.26%, INFEAH 10 B, A FRAR TR LB,
W % M1 (Sapium  sebiferum). . B F (Sapinus
mukorossi)~ B 3 % % (Evodia glabrifolia)- 5 JH A
(Schefflera actionphylla) 1 18 i % (Wrightia
pubescens) 5 5 Fi, R CEMERITE NG S
PN FE R QIE T 440, o8 T3/ ED .
R R BRI R REANIE T B AR,
RN AR, LR XSS ESHRE
P GEN s

HUIR AR B A Bl AN TE R R K Y B TR
R e RE IR ) e ENARE AR (BN a B R dn HE
R L, B AL & T 45 a Rl 29 a, BATRIA
=& R IR AR R AP BRI HE Y - 48: 118
138, LA 24: 63: 66, FEHIHLA I EF A YR KL 1L
JEFERIINT 2.10 fiF. ACUCHAR, mRRIALHE YIS
RGP L 2-3 Fh, RARAEI AR
I=BUR LS E PRI R s

4 e

4.1 tHIFHFAMBHAEDRESEFEEES
it
SR A Y 2 66% (1 B BEAEAT T BT
50 cm LR IV L b, T HAR— SR b b 2 i
KNG AHUT o Hle SRR, 1o R I A e PR R
TR RET 0, )R SRR & XY
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KGRI BRI RE S T, SIREEDRNEBERS
B2 P, MR AR ST B AR E DA, B
SRR IBLL, A 28 R T R AAMR L 2R
AR I R TR A FE 20, AR &) B R 0 A KR
2 F MBI, Cd #E T B 2 52 1 1R M R T
W, Cd AR BE - ERE, i EEI N
AR, M, P8 T SR, JLHEE
B pH {H AR ETE (3.74-4.52), WHMHEE
(67.4 mmol kgy b LE Mg T B 6.3 £5. bk
SRR BB LR E R I B A S R
VRO ERAH R, BT R R HE )
HERWFAE R, MEE SRR

42 WEHIMEBEHME

UM PR R BT T AR G R PR PR 5E, A8
WEERSN, KEDPH. ESEHE TR LE
15 AR P AAE, (A5 7E BARE BRAE M, K mi
WEAS S B, AR K (BRI K
TR VEBER , RA A LE M (2R T rE 38 0%, iR 4.
EFXNWMERSKBEN S, frEKEHE S H
509%-60%, X T IR T B IR BE, ReREF R £
Ky HR TR THEYAER. SO IERENE ..
FABUR RIS, DLl AR ATC 3 R P RO 3
Wt N A S Tt R L 5, IR 37 2 — 1R I ) R
o A, BRI S T D, N8R R H
FFEYIN RS I, 18 758 B IR A AR AN R A4
YR 2 MR R, LR BT A & R
SRIEERIBERE R T . FEAEFEEK Ewel™iA R,
I REFBE TR AR R G AN TR AL 4 8 4 22 T
AKX R, WETMEMASRERBKIKE
MibRak. BICL, R4 IUE BB R Ll iEf
ot — BRI AR S

4.3 iAol gk i Y 40 18 A0 R A 75 ] 19 RE

7% 42 W DU 2V B AL BY I 25 T R A ER SR fR
ALK H SR AL IS AR A S IR B AR, B
SO HL) LA R T R AR R SE 7R R D
MIAERUR A A b 3T R AR B8 3, B Y —
AT 2 TR BT FRAH AR AR #K, 25 3 Rt sk A
EFEHR, I AT R AR IR, BT R
ARV R ;o I8 P b7 3y S RN § G A A =V 6]
wge - WA RS EHERRNAR, Bt
SRAFFFIN IR DAl B B B, iy 2 T TR AR

52 3 B AR, BT ACH A B U LA AL
LB, KER AR LR R, K
R FT G A I AL R S Ll A JRORLIS A2 e A
(), AL AT R, WU 7 o KB HE L 6
KA VESTETG R, B, R A E R
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