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Abstract; We chose wetland soils in inner-dams, between-dams, outer dam edges, and control ( soils unaffected by
drainage) to investigate the effects of oilfield discharged water on soil microbial biomass in constructed wetland in arid Gobi
region. The phospholipid fatty acid ( PLFA) analysis was used to study the effects of oilfield discharged water on biomass of

soil bacteria, fungi and actinomycetes. The results show that pH and soil bulk density had no significant differences among
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the soils from inner-dams, between-dams, outer-dam-edges, and the control. Soil water content, electrical conductivity,
total soluble salt content, and total carbon content were all highest in the between-dam soils and were remarkably higher
than those in the inner-dam soils. Except water content, the physical properties and nutrient contents had no significant
differences between the control and other three soils. Soil bacteria, fungi and total microbial biomass increased from the
inner-dams to outer dam edges. The soil total PLFA, bacteria, fungi and actinomycete biomass were positively correlated
with the soil total nitrogen content. The soil arbuscular mycorrhizal fungi biomass was positively correlated with the soil total
carbon content. The fungi and arbuscular mycorrhizal fungi biomass were positively correlated with the total petroleum
hydrocarbon content. The study showed that oilfield discharged water increased soil microbial biomass in the outer dam

edges.

Key Words: oilfield discharged water; constructed wetland ; soil physical and chemical properties; soil microbial biomass;

phospholipid fatty acid

Fe il P24 5 K R E M 85% , 28GRl FH R /K 22 A BR  [01 3 1132, e r A 3 o3 S e 21l
T, X AE—ERREE I —Fh R BHIR AR 2% JE R SOK i TR HIX  ASREgh R A R
7K Ak 25k 38 1] GO b o RS A, Bk SR AN K AT b B T AT HE KR T AR R T AL R R
O A9 A TSR AN HE K O BT S — i R4 AR A S MR AR BT 20 R IR M BE Jo P =45 SR T Sh ke A7) S
TRE VRIS AU S5 R GEX AN HEZK P AR BE B A A7 I AR S T A 7 i — AP e A AR Sk 1, BAT 260
R RGMLEE R RE, ELP R B U N R G0 A R A OR 1B 5 R
B, NI Mo 3 i K B A I AR RICR i 2 BT 1 R BRFRAE 96% LA b, D545 LUK i H 4h
HEAK A WFFERT GRS 1 3 5 #hoR A MR AN T A 2530 A DL, 303028 N T3t ] L S AL B Ak
HEZK B IR ARHERL

AiE Ry ] LU e B A Ak, i T SRR (e S s Qe AR, S BRI R 2
B SRR 2500 K A i Y BRI R ( phospholipid fatty acid, PLFA ) &1 A A 0 40 A A 1 B 22 41
73 AN TRIZEHE A TR W R IE i AN [R] 1 AR AR AR S AN [ AY PLFA, PRGBSI PLEA B i) L2 A A [R V%
A A i SRR W] PE AN E B AT R R TR RSN, — o R AT
YT LU A i A RO B E I 2R A B AR T, T TS Y AR L B W 2R
P e AT AN RS R B, R (R R AR LI T R R AR A 25 S R IR W R O B 2
St WENRNRWT IR XA TS Je R ™ RRERAE A RBP4 A B W i B AR P BRI Y
H i B IR T — e BRI 2 AT LA I A W 2 R R R A G, (B AR 22 HARSRAE A
PLEL ARG, ABFTEE 20 A 5 PLFAs , RERS ST 523 BE XN TR 32 44 1l FH AN HEZK 54 ) o i 1Y
AR IE R S

AHIFFE LA 5 BE DRI B 3 A 7 A ANHE K ) N TR g X 52, 3 T MR R A 25 R 48 4 1
PEY YR IR XK BRI = A SIS , B A i Mk 9 A, 7K At SR AR PR il
A R AR R AR R B B RIS I ARk T OFRA SR B R AR i R, 2% A 20 g 58 1) A 25 36
BEr A WA il AN HEK B A2 R Y A S K R TR AR A PR A A B R A 25 4R T, E H
X AR A Il T MK R A W ) B A SO RS RS ML o ik = A ECR e ST, Horp X TR
S BE DI I A2 R AN - S M v RS2 R BIL RS AN TGRS o PRIk, IR JR i T /MR G LT3 A
BRG T RUEY A Yy ZSZ LRI BT , 3 U 5 T 48 5 S5 2R Sk B R X

1 HREXHER
PR RE XS i FH R 300 A0 HE 7K 78 HE S T Rl 0 8 o BR AR50 1T e v 4 N TR M, Y Ml R T AR 24
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700hm’ , 2 X JE WA T RSB, MR SR RE S, B 2 R A (B TR T IR 49.1°C ) , &R IE ()
SRR AT 15 -42.0°C ) , T 5/, AR 428 & & 3008.9mm , 6 K TAE SRR /K B 108.9mm , Z4E V-1 XU 3.4m/s,
SR R A, B AR R 2 I IR ZE KT Sm, P RGTNG R, OA T B IR ANHEAK T SR
ARG LEN AR 5 A 3—4m (=5 14 P LB 7K 300 ( L) T 2—3m =5 A SR LB K 3L (AR | IF:
T PR P 0L R e e =45 S it R A )

SRR AE Y A SR AR SNHEAK A B 36 K T K A K RETE 2 b R A KRR I ARG 45 SR DL 1,
£ GB8978—1996" " | B b4 S i (COD) Ab, HAlh 301 H Hi 7K C1K 54 23k 75 /K HER g — e b it

F1 SMHEKAS BB K ORI H kK O FZEKRIER

Table 1 Chemical properties of inlet and outlet water of the water discharged treatment station

. e P 245 27 Tk
It‘ pH CoD/( ;C/L) NH;-N/ Total nitrogen Total phosphorus Petroleum/
em m (mg/L) TN/ (mg/L) TP/(mg/L) (mg/L)
#7K [T Water inlet 6.66 258 3.503 4.24 0.214 4.32
H7K 1T Water outlet 6.94 206 3.630 4.23 0.202 2.21

e
HERL— 28 At 6—9 60 15 / 0.5 5

Discharge standard level |

2 WRFE

2.1 LIEERESRSE
KL B 2 530 R 2R i A R R SR, 2018 4F
7 HAEWNIA (inner dam, 1D, 5E I HEZK 1) F1 4 231 ]
(between dams, BD) £ & 3 /> KA A5, 78 AN 3134 2%
(outer dam edge ,OD) ¥ & 4 N RAE S IEAERRH PG AL 7
mEE 2 Ah T 0. Skm DA AR BB 3 AN SR FE 057 S Xt R
(CK) , TEERRAE S E 10mx10m BUEEDT , B ME Ty
PLS AU 5 4 A0, FH RS 0—20em 38, 5B A1 ik
TR R R0 6 5 A0 B BRI A, DU 40 i U 24
kg FEEh i 2mm G, 38 A B} CVA8 5 A V& R Y 0] 512
¥gs, oM AR R 13 4, T A P Ak v R
PLFA AT AIIAE
2.2 IR O E
+1% pH {H (/K + 1 1:2.5) i pH 1 %2 ( Mettler
Toledo, Delta 320) ; 33 (EC) KK+ 1:2.5, 115
AL E (5 #E, DDS-307) 5 + 3 & /K B (SMC) R
105CHET 24h DL L e H Mk e A H n
(D, ) T EIRHE I ; LR (TC) FIAE (TN) i 1;1 F 2K B R 53 SNk T BRI B 7 B - 4R 4
FHIER P HT X (Vario Max CN, Elementar) JI7E ; #2455 Fig.1 Sampling sites of the wetland formed by oilfield discharged
(NH;-N) FIiE 2 (NO5-N) & 1mol/L KCI /5 HiE 42
W (WL 1:10) , 3% 223 8h 40 BT AN A2 5 AL (AP)
K FH 0.03mol/L NH,F—0.025mol/L. HCl {R-ARAER 2, LI HE 1:10 3B S shafrfem e =), I fp st 4
R (TSS) RA AL E P AR (TPH) SR IR F AR ZE > kI

water in arid Gobi region
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B2 FEXBEXEHBIMKEBREERERMLESTE
Fig.2 Landscape photos of the wetland formed by oilfield discharged water in arid Gobi region

2.3 YA
3 Bl A W A e SR PR B A A AR W B R 1D R ( PLFA ) 3511°0 BRI & R AR Y C19.0 IEC
Leis i, AR (G154 ( Aglient 7890B) 72 , i@ 1k MIDI Sherlock {3491 % & 2245 ( MIDI Inc., Newark, DE) %
FE PLFA 2581 SRAEA RSBV i 1 PLEAs ARl L3R 2,
F2 RIEHEMAORIEIEER (PLFA) 559

Table 2 The PLFA biomarkers used to characterize microbes

MEEYERE BEAR R Wi bR 9 225 ik
Microbial group Phospholipids fatty acid signatures References
2 [CBHPER (GT) Gram-positive bacteria i14:0.i15:0.a15:0.i16:0.i17:0.a17:0 [27]
LGB (G™) Gram-negative bacteria 16:107¢ 18 1w7¢ 17 1w8c [27-29]

i14:0.,i15:0,a15:0,i16:0,i17:0,a17:0,16; lw7c,18:

#fiER (B) Bacteria Lo 17+ loSe [27-29]
E(F) Fungi 18:3w6c 18 :2w6¢ 18 109¢ .16 1wSc [28, 30-31]
MBI ELE (AM) Arbuscular mycorrhiza fungi 16 1w5c [30]
HSMETHAR AT (ECM) Ectomycorrhizal fungi 18:2w6¢ ,18:2w9¢ [31]
FLLR B (AC) Actinomycetes 10mel6:0.10mel7:0,10mel8:0 [27]

i.a Fl me 35 F R AL S RUFN R LT BUIR TR , w (¢ 433287 F B AR s AU 25 A #4) 38 ; PLFA : 85N TBR Phospholipid fatty acid
2.4 BT
B 4] SPSS 18.0 Heit B AF k47 40, L PR B K R J7 22 53 BT ( One-Way ANOVA) HEAT I 35 VL4 5
(Duncan K555 ) , .3 7KF-24 P<0.05 >R H] Pearson REGHATAHIE /M. FIH] SigmaPlot 10.0 Z: | EIE . fii ]
Canoco 4.5 ¥, £ 734 (PCA) I7 i 0 M7 e IR 45 G &R
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3 EREHH o
31 BB B A B AE 2 200 {

AT AT S R F 5 R 8
(AT S RS b H R R B e E5
FRHAEAT, 5% CB36600—2018 4 RFEMA  E2 100 i .
ST T B BTG TS FH M 5 6 1 826me ke (11 3) t e

R Y SILPY L AL S 2 P e T
pH 2T (P>0.05)  HL S i1k 22k ’ A SPBURZK PIONBLA PBUA
PN AMILE] > X B SHMIL 25> ALY, 1358 5 K 4 g N A0 RAESS Sampling site

IUTE] > P I >0 BE S M3 £ .

’ l?>l7\]~J Fj >§ > i%% 3) L E3 RESMPKHATEBASRELER ARG S BOBM
A IEHJEM& s XﬂL Bt j;%% E‘/‘J éﬁ;ﬁ% N é A i ﬁ 5& A Fig.3 Effects of oilfield discharged water on total petroleum

( @jﬁ@f 7&?/32?‘ %ﬂ ﬁ% 715/3?\‘ ) N ﬁ 'ﬂl@é/ﬂ\i N éﬁﬁé/ éﬁ Hﬁz hydrocarbon contents in constructed wetland ecosystems

[ 22 AR BE (P>0.05) AX NI RS R T HENG FRRREFARRE(P>0.05)

FAR T AL, 2 0 A A1 30 [A] - 58 4 Bk 7 50%

(%4).
3 HESMEEKITATBES RS T IEYE RN M
Table 3 Effects of oilfield discharged water on soil physical properties in constructed wetland ecosystems

STRE LR EKE beay i3 e i ‘ HHE _
Samp‘ling site pH Eleclﬁwcal conductivity Soil VYaler content Total soluble salt Density of bU]E soil

EC/(ps/cm) SWC/ % TSS/ (mg/kg) D,/ (g/cm’)
Xt AR CK 8.09+0.02a 9276+916ab 4.5£0.2¢ 8405+1108ab 1.06£0.06a
A A% OD 8.06=0.08a 6918+917ab 3.3£0.5¢ 5608+1020b 1.07+0.03a
PAMILE] BD 8.62+0.37a 10780+2558a 19.720.7a 13484+3038a 1.0520.09a
PP 1D 8.17+0.05a 5937+687b 7.1+0.9b 5134+658b 1.26+0.15a

RIFIARF/INE F 1R R 22 5 B3 (P<0.05) ; Bl Fm - 4 +FRvfER ; CK, XFBR ; OD, AMIL 2% outer dam edge ; BD, PIZMINA] between dams;
1D, WNIN inner dam

F4 HHESMHKIATIRMESRG T EF S MLENZ I
Table 4 Effects of oilfield discharged water on soil nutrient contents and their ratios in the constructed wetland ecosystems
. N AR BASA HAA W
REE R o EA SR ‘ N B AR
L. Total carbon Total nitrogen NH; -N/ NO3-N/ Available phosphorus .
Sampling site C/N ratio
TC/ (g/kg) TN/ (g/kg) (mg/kg) (mg/kg) AP/ (mg/kg)

X CK 35.8+8.5ab 0.7+0.1a 135+31a 13+1a 10+1a 49.9+9.2a
SNMH L% OD 37.6+4.2ab 0.7+0.1a 151+41a 13+3a 12+1a 57.4+11.8a
PN ARE BD 41.5+1.3a 0.6x0.1a 79+64a T+la 10+1a 69.4+11.2a
MY ID 20.6+7.4b 0.5+0.1a 66+25a 10£2a 6+4a 36.2+8.5a

FIBIAF/NG FHFRZER B (P<0.05) , Biudn-F I ELAr R

32 IERUEYA YR A

A AN T A7 5 X A L, LR e TR | LT RO B AR B AR LT AR AR LR 2
SN (P>0.05) , 1M DA P30T 22 P F1 300 ) 28 S0 300 2% | 1 38 S Ak Wy e R 2 SRR A 1y e 52 00 1S 3 W
IR PN b A e AR LA R 2 TR B A2 R A R R AR L e 8 B IR TS
Wh sk - HE(E 4) o AP ZE AR 22 A0 300 2, FLTR /40 A LUAE (F/B) B iis in, OF B 3L g 4R 30
] 35 F/B HOAE W KT X B 18 (P<0.05) , 88 G*/G™ LB IR b P i) A1 AT 2% 2ok Dl 190 B 34, (HL 25 S R I
H(KE4),
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Fig.4  Effects of oilfield discharged water on microbial biomass and ratios of fungi/bacteria and G*/G~ in the constructed

wetland ecosystems

TPLFA , 351442 ) 5 & it Total phospholipid fatty acid;B: #H% Bacteria;F: FLE# Fungi; AC: JERE Actinomycetes; G*; #5>% [G {1 # Bram-
positive bacteria; G™: #f > [C ¥ 7 Bram-negative bacteria; ECM: 44 I #l 5 18 Ectomycorrhizal fungi; AM: MK & A F B Arbuscular
mycorrhiza fungi; G*/G™ ; #2% [G BV I 545 22 [RIIVE B A LUAH ; F/B - BLR -5 40 18 10 LU R RN B3R 7R 22 57 .35 (P<0.05)

X Pt s A [ 37 B - S5 60 I SR Y Bl 2 Wy i AT T2 A3 A0 BT (PCA ) | 55— Jil R 565 — B ) e e - S 6k
AR 78.3% M1 13.3% (181 5) o 7R IERUVEYAEY R A TTRCR L, 45 B2 RUE M A Y R I
240 T > 2 E B BT > 0 22 R B T > O T > PR > M AR LT S AN RAR LR (1] 5) o SR I 4k
IUE] RSP0 G 1) - 58 BRSO W A o 5 0 IR R TR 0 22 55 R T ol TR b A HE /K G B A ()
(U TR YR R AR E (K 5) .

3.3 HIERUEY AN RS R R AR S A

TR AR SR SRS IR E A YR IEAR G (3R 5) . RS L R AR R
PSRRI T B S A e 2 S A 3 IE AR DG (P<0.01) |, 5% 22 FRBA R I TR 1 38 IE AR 5C (P<0.05 ) 5 Ak
EABERAEE R FIEMC, 5 G7/GT A HE B3 TR (P<0.05) 3 A1k 5 B  ABCRAR LR A 3%

http ; //www.ecologica.cn



5394 A R 40 &
1O | A W
O St
0 WAL 4
O WA
%o
F/B m]
. AM
x
- AC -
= G-
S TPLFAB
& K
o > @
o G'/G*
[m}
o o)
ECM
-0.8
-1.5 1.0
PC1 (78.3%)
B 5 jmBEMAKERALRMESRE L EREDEYER LENERS S
Fig.5 Principal component analysis ( PCA) of soil microbial biomass and their ratios in wetland ecosystems constructed by oilfield

discharged water

IEAHSRE(P<0.05) (% 5) , Hofly et -5 H e A Uy AR W i JC AR (R 5) .

xS

AR RA TR ESRE T EMEMENE SRR FHAX SR

Table 5 Correlation analysis of soil microbes and environmental factors in wetland ecosystems formed by oilfield discharged water

HHs T THAE TN ZE Microbial types
Environmental factors G* G” B F ECM AM AC TPLFA  G*/G~ F/B
pH -0.070 0.080 -0.010  -0.053 0.231 -0.090 0.098 0.006 -0.066 -0.136
EC 0.033  -0.141 -0.038  -0.084  —0.041 0.049  -0.014  -0.042 -0.146 0.010
TSS -0.041  -0.185 -0.102  -0.184  -0.052 -0.020 -0.037  -0.105 -0.071 -0.126
SWC -0.185  -0.178 -0.188  -0.323 0.031 -0.175  -0.010  -0.178 0.082 -0.372
Db -0.174  -0.081 -0.141  -0.135 0.099 -0.148  -0.003  -0.115 0.488 -0.256
TC 0.480 0.421 0.470 0.496 0.366 0.617%  0.506 0.498 -0.587" 0.412
TN 0.760**  0.622* 0.726**  0.626"  0.504 0.710**  0.801"*  0.750**  —0.458 0.146
NO;-N 0.491 0.495 0.507 0.453 0.159 0.427 0.477 0.509 -0.474 0.207
NH;-N 0.375 0.246 0.333 0.322 0.286 0.313 0.231 0.320 -0.291 0.256
AP 0.316 0.311 0.323 0.330  -0.049 0.400 0.176 0.304 -0.501 0.288
C/N 0.070 0.142 0.102 0.183 0.075 0.234 0.052 0.108 -0.419 0.361
TPH 0.408 0.322 0.385 0.573*  0.469 0.579*  0.435 0.440 -0.196 0.494
* * P<0.01, * P<0.05
4 g
ABFFE NS - 580 &K SR e el B R A S X E SR B T HEK R SR s e, N AR

b

(] Fhy T M FAAR XA, i BRR FIARER

AR HEZK A 3P 32 B B K e T e e e b

frdh AR AR R AR, KT B NI E] A B g e KR K R R R VR S A 7R ok
AT, ORI 5 F BT A B R A 3K 43 ) S0 3 it P &1 00 ) - 28 (1 el 5 %
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Ve AR R R pH (EA S T AL 1 BUA I AE Y WETEIAN 2 i X A L S AR T 2%
I, pH (ELRE ATV R R 25 B A3 kg AT AR R 7 B SR ] R AR OR IR B 1 35 25 5 AN B3, (E L 2 B
pH {ELFE ] P ER S A3 I o S AR (S RN A R) M SR & e N LA A a] A
FEXS EAR SN 0 S AR S X aTRERR T HE KA E 1T A RUTR 0 o, i 5 12 X S ) A X 3R 0 IR
AR, Koy FIXAEY) A K 1 e 2 BRI D 7, 7R b oK BR A Z2 i B 1 B0 T, P =5 S AE ) AT REX IR M L
HErp L RIS T, SO R A ROR A IR S & TR AN HE K XTHZ DX ) A e AR
R WA A T T 2P AT . ARIGCE SR A ke S 2 e A B SOt T A K AL B
SRS SR A RO AW KGR 1) TR RS R A e & it 5 I (R BRI AR
UG AN AR R IEAHSE , S ECRR 2 0 A HTER 20 S HEZ K AR P A il

ASHIESE LS A P A0 T (2 TR R 2 IR TR TR ) OB (BRI AR LT S A TR AR LR ) R A |
SR P AR P N B M SR AR G B (e e, LSRR M A i S R R A RRRLE A R
FOG o A A K 32 A PR R , P45 v U AR e, A= s = 9 3P 7y -3 R e ]
SN P PE A 25 SR A OSOR | 3R R A & B, IR e 1 IR E Y R, B S E
PR | PARE TR AR L TR B IE AR DG, 38 B — s B ik 1 A s PT AR - 4 L A o i A A X S0 R
U RIS EE B, DR, S GOR R P B A e RO W s TR R, 25
BRI SR R XA S X S A PR 5 18 . 2, S K A P 30O A 1 S A SRR B
T HIEMEYE
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