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Abstract; Polycyclic aromatic hydrocarbons ( PAHs) are persistent organic pollutants included in the U.S. Environmental
Protection Agency list of priority pollutants because of their toxic, mutagenic, and carcinogenic properties. PAHs have
become increasingly prevalent in the soil environment as a consequence of anthropogenic activities. The microbial
characteristics of soils are increasingly being considered as sensitive indicators of soil health because of the interrelationship

among microbial diversity, soil quality, and ecosystem sustainability. The development of effective methods for studying the
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diversity, distribution, and behavior of microorganisms in soil habitats is essential for a broader understanding of soil health.
Traditionally, the analysis of soil microbial communities has relied on culturing techniques that use a variety of culture
media to maximize the recovery of diverse microbial populations. However, only a small fraction ( <10%) of the soil
microbial community has been accessible using this approach. To overcome these problems, other methods, such as the
analysis of phospholipid fatty acids (PLFAs), have been utilized in an attempt to access a greater proportion of the soil
microbial community. PLFAs are potentially useful signature molecules because of their presence in all living cells. In
microorganisms, PLFAs are found exclusively in cell membranes. This finding is important because cell membranes are
rapidly degraded and the component PLFAs are rapidly metabolized following cell death. Consequently, PLFAs can serve as
important indicators of active, as opposed to non-living, microbe. Microbial species and biomass in saline-alkali soil
contaminated with PAHs were investigated by PLFA analysis, in order to explore the effect of PAHs on the microbial
community in saline-alkali soil contaminated with PAHs. The results showed that the distribution of PLFAs in soil can be
divided into 4 types (I, I, III, and IV). In Type I , the number of microbial PLFAs types in sample soils accounts for up
to 57.7% of the total number of microbial PLFAs types, and PAHs in this case are least able to explain the changes of
microbial community. In Type Il , the number of microbial PLFAs types in sample soils is up to 30.8% , and PAHs again
provide little explanation regarding the changes of microbial community. In Type Il , the number of microbial PLFAs types
in sample soils comprises up to 7.68% , and PAHs have an increasing effect on the changes of microbial community. In Type
IV, the number of microbial PLFAs types in sample soils comprises only 3.85% , and PAHs have a marked influence on the
changes of microbial community. Correlation analysis ( Spearman) indicated that the types number, concentration, and
diversity index of PLFAs are negatively correlated with the relative content of naphthalene, fluorene, anthracene, benzo[ k]
fluoranthene, benzo [ a ] pyrene, and indeno [ 1, 2, 3-cd ] pyrene, and are positively correlated with acenaphthene,
phenanthrene, fluoranthene, pyrene, and benzo[ a ] anthracene. These results provide a scientific foundation for ecological

risk assessment and bioremediation technology of saline-alkali soil contaminated with PAHs.

Key Words: phospholipid fatty acids ( PLFAs) ; polycyclic aromatic hydrocarbons ( PAHs) ; microbial community; saline-

alkali soil; microbial diversity
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3% ,S4 e, S3 AR ;5 BR AT ] nd—42.7% ,S12 5, S2 S5 . S10 YB3 ;6 FRT (5 43 31 [
H nd—14.6% ,S2 W% ,S3 .54 .S5.S10 . S13 . S13 .S15 B F] . PAHs vk B (Y PAHs) 75 FEI7E 1.03 %
10°—37.7x10% ng/ g, F¥IE N 7.78%10° ng/g,

*1 TESZIRFIZ(PAHs) IS LT E (RE ng/g)

Table 1 Characteristics of soil and PAHs in different sample soils

28 FEIX Sample areas

Parameters S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
PH 8.05 8.63 8.55 8.64 8.25 8.67 8.03 7.95 8.27 8.34 8.38 8.13 7.91 8.04 8.32
H,0/% 12.6 9.52  13.1 19.1 12.2 19.5 13.3 22.3 152 9.85 135 9.90 17.5 16.9 12.0
EC/(pm/s) 457 530 960 1460 1381 2317 4817 4040 190 476 451 328 6877 4137 6497
TOC/ % 1.10 1.28 2.39 2.38 2.60 .71 1.47 1.17 1.92 1.36 2.40 2.20 1.73 1.44 1.00
Nap(2 3) 284 2.26 476 374 506 479 517 461 571 490 690 603 739 471 549
Ace(3 ) nd nd nd nd nd nd nd nd nd nd nd 15.0 nd nd nd
Flu(3 ¥f) 8.65 353 3.39 5.59 9.19 6.53 3.39 7.0 115 9.97 339 284 7.44 5.21 11.1
Phe(3 ) 22.8 34.2 nd 339 52.4 25.0 28.0 15.1 89.6 523 nd 268 23.1 26.1 43.7
Ant(3 ) 20.3 0.205 nd 0.189  0.206 0.215 0.248 0.195 0.216  0.227 nd 39.1 0.246  0.266 0.259
Fla(4 3§) 943 122 9.46 347 32.2 17.0 39.5 55.0 89.0 9.43 9.41 412 943 185 6.28
Pyr(4 1) 3.52 3.60 3.6 24.3 50.0 3.6 3.60  12.8 87.7 24.3 3.59 380 17.6 56.0 34.0
Chr(4 ¥f) nd nd nd nd nd nd nd nd 53.0 nd nd 289 nd nd nd
Baa(4 3) nd nd 7.11 6.99 nd nd nd 7.01 477 nd nd 398 7.12 7.1 7.13
Bkf(5 3) 4.13 nd nd nd nd 4.13 4.1 3.99 4.13 nd 4.15 495 0 4.14 4.10
Bap(5 ) 4.98 nd 5.55 nd nd 5.6 5.7 5.71 nd nd nd 427 5.58 6.03 nd
Ind(6 ¥F) 15.1 15 nd nd nd 15.1 15.1 nd 57.7 nd 16.0 411 nd nd nd
> PAHs 373 103 505. 143 650 556 617 567 1012 586 726 3766 809 595 655
PAH FpZ 9 7 6 8 7 10 9 9 10 7 7 12 9 10 9

nd A HIEPARKE]ZER Nap: 2% (Naphthalenen) \ Ace: J& ( Acenaphthene) \Flu: %j ( Fluorene ) .Phe: 3F ( Phenanthrene) . Ant: 1 ( Anthracene) Fla: %¢ &
(Fluoranthene) \Pyr: ££(Pyrene) .Chr: Jai( Chrysene) .Baa: #Jf:[ a] B ( Benzo[ a]anthracene) \Bkf: #Jf-[ K]%¢ 4 ( Benzo[ k] fluoranthene) \Bap: Jf:[ a] £ ( Benzo

[a]pyrene) \Ind: BiF:[1,2,3-cd] ¥ (Indeno[ 1,2,3-cd ] Pyrene)
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Fig.1 Chromatogram profile of phospholipids fatty acids of the microbial community in soil sample (S2)
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BRI A 5 DL 18:2w6,9 T ELE M AR A0 i 2 B, R TRRE X R A B A (X
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Fig.2 Biomass of fatty acid groups (ng/g) in different soil samples
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Fig.3 Biplots from principal component analyses ( PCA) of the phospholipid fatty acids ( PLFAs) in soil showing loadings of individual
PLFAs and sample points of the individual plots along the first two principal components.

Symbols @ 1—15 represent sample areas S1—S15

2.6 EBMESHT

I A Y PLFAs 204 5 T PR BT AR 5 (9 TUA 730 (RDA) o FiT T A4~ %l 70 531 e 722 8 149 43.3% ,26.9%
(E4), mE4 a5, AR T, mBIEA YU E(SOC) (pH %7K (H,0) HSFR(EC) %M PAHs {54
YIS I A i) 2 KRIHF, Herp,SOC . pH H,0 %t 18109t .18 1w6t ,CY16:0 .CY18:0.16; 109t
16:1w7¢ .C14:0.a16:0 .C15:0.a12:0.i13:0 . 10me18:0 9mel4.0 & B2k fif i 45 75 , S IEAH 56 ; 1 PAHs #1+
HEEC % €16:0.i15:0.,18;: 106t .18 109¢ .18:1w8¢c.al0:0 24: w15t ,C17:0 .9m17:0.a14:0;18:1010,C18:0;
C10:0 55 PLFAs P#RA 55 5 5 [FIB AT 0.3 4 FEIXZERN 1 RN %l 2 i 2my it 3405 30 W 32 RS 45 PRI
MK, 1M PAHs Fl 138 EC XM/, 5.8.9.10 12 FEXTERN 1 F 4l 2 B A #far X B0K  BREE 2610l
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PAHs X UAE MRS R ;1.2 6.7 11 13 14 15 FEX AR 2 A B R 2T, P85 PAHs 1+ EC
AR A, 255U, SOC . pH \H,0 S35 Al X + e WA KB A — @ A2 /E A, I PAHs 1
148 EC X HIEHAEY EA —E IEIE R . BT R0 B X B A PR IS PR AR FE TS Y YA B EC
PREEREE R (A0,1.2.6.7 11,13 (14 (15 #£IX) A 8T 1938 RAESERDE AL
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10mel18:0 C15:0
i15:0 9mel4:0 212:0 18:109t
‘ 14 pH i13:0
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Fig.4 Triplots from redundancy analysis (RDA) of the phospholipid fatty acids ( PLFAs) in sample soils
O1—15 fRHEX

2.7 HHSCHESHT

XEARIFE X L ERAE Y PLEAs SRS (S-PLFAs) A4t (T-PLFAs ) Fo 4% Fft A 25 2R 48 BRI L e
PAHs BAFIZE (S-PAHs) & FE (T-PAHs) M ANIEZEAY PAHs AT & 8 (% ) 5 spearman AHCHE T (£ 3)
SRR T IEGUEY) S-PLFAs T-PLFAs | TIERUEYI R T 6 B 2R A0 S M S B H8 805 B —Fh 26
(9 PAHs RYAHOCHER 738 2 RZEHL, 45 1 2 AR (r<0) , f24E Nap \Flu & (Anthracene, Ant) RJf[K]%¢
B (Benzo[ k ] fluoranthene , Bkf) . #<3f:[ a] € (Benzo[ a]pyrene, Bap) B[ 1,2,3-cd ] € (Indeno[ 1,2,3-cd ]
Pyrene, Ind) , HoiP | 5 Ant B @& A9 G M 26 2 ZRIBIEM & (r>0) , f1$5)E ( Acenaphthene, Ace) 3
( Phenanthrene, Phe) .%¢ 4 ( Fluoranthene, Fla) (£& ( Pyrene, Pyr) Jii ( Chrysene, Chr) ,ZKXJf:[ a] & ( Benzo|[ a ]
anthracene, Baa) , HH, 5 Fla . Pyr HABEWACRE, [R5 6% 5 s-PAH R EAR A AR 2 4h
(r=0.054) , THERAY) S-PLFA T-PLFA M H J F1 Y 5 T3EZHI542 1Y S-PAH F1 T-PAH £ 5 5 AH EPE (r<
0).
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F3 TIEFAEY PLFAs TR ZE5RE PAHs B @ BHNEAX R

Table 3 Correlation of the type and concentration of PLFAs with the relative content of PAHs in the sample soils

Tt H Ttems Nap Ace Flu Phe Ant Fla Pyr Chr Baa Bkf Bap Ind  T-PAHs S-PAHs
S-PLFAs -0.267 0.186 -0.005 0.025 -0.567" 0.447 0233 0230 0.109 -0.208 -0.077 -0.123 -0.199 -0.090
T-PLFAs -0.093 0.062 -0.022 0.023 -0.682"" 0312 0306 0.175 0.233 -0.402 -0.211 -0.301 -0.061 -0.312
Margalef (M) -0.246  0.186 0.011 0.032 -0.568* 0.430 0231 0229 0.113 -0.240 -0.098 -0.134 -0.186 =0.111
Shannon-Wiener(H) ~ -0.286 0.186 -0.043 0.046 -0.500 0.441 0278 0229 0.117 -0.181 -0.053 -0.136 -0.211 -0.069
Simpson(J) -0.318 0.186 -0.086 0.097 -0.355 0.556* 0.261 0229 0.049 -0.124 0.064 -0.078 -0.200 0.054
Pielou(Y) -0.275 0.186 -0.014 0.088 -0.487 0.455 0301 0229 0.090 -0.181 -0.072 -0.136 -0.189 -0.069

wx, WEM p <0.01; = BFEMEp <005 ; SKEBMMEE, THRELWE,; Nap: Z8(Naphthalenen) , Ace: J& (Acenaphthene) \Flu: %j ( Fluorene) ,Phe: Ff
(Phenanthrene) \Ant: ¥ ( Anthracene) \Fla; %¢ ( Fluoranthene) Pyr: £ (Pyrene) ,Chr: i ( Chrysene) Baa: #<Jf:[ a] B ( Benzo[ a ] anthracene) Bkf: #Jf:[ K] %¢ B
(Benzo[ k] fluoranthene ) \Bap: #3F[ a] £ ( Benzo[ a]pyrene) \Ind: EfiJf[1,2,3-cd] ¥ (Indeno[ 1,2,3-cd] Pyrene)

3 e

SRR TRV TS Y RN BE 5 Ye ) 3R R ) PLFAs RN AR Yy S8 (H 5 Yeds o e 1) S12.,
SO A W AR AN A ) IR AR B AIK, UL PAHSs A5 Ye vk B HUJE R SR U E W BE VR S5 A — A IR
13 PAHs O EERE R}y S12 > S9 > S13 > S11 > S15 > S5 > S7 > S14 > S10 > S8 > S6 >S83 > S1 > S4 > 2,
HH Maliszewska—kordybach' ™ B ) PAHs 75 Y2 + ek FH 22 bR, S2 . S4 Ry A T5 Y2 A S1.S3 .86, S8,
S10,S14 87,85 .S15 . S11 . S13 J& THREEE YS9 J& TriBys 44, S12 J& THE TGS, K4 F &M PAHs &%
X -3 E RIS YRR IR Y PLFAs FRZRBEE S S4 > S8 > S3> S5> S12 > S9 > S10,S6 > S11>
S1>S2 > S13 > S14 > S15 > S7; PLFAs A=W 5 - S3 > S4 > S8 > S5 > S9 > S10,S12 > S11> S13> S2.S6 >
S14 > S15> S1> S7,

FSAEA M B, 1A Wy A2 A S A S RS 50 Nap  Ant Bkf Bap ,Ind ¥ 52 U HH 56
;5 Ace .Phe Fla Pyr Chr Baa ¥R 1EAHSCH: ; 5 13 PAHs SRS RNRES R HA KRR, RHEFHE
FHINN T PAHs 3 FE5H R RI e T HAY R EEMAY T RN 225, KI5 T2458 PAHs 1l 43
4 K. BAWEZREMMNILAY, i Nap 55, B 5FM PRI RS 450 , X 184 Y HA Bm ) fhi i
PE; @ HA B/ L X7 ) LR RIHES ) 235558, TE (Anthracene,, Ant) 55, ELAT 308 BTGPk, 16 VS0
BN R A A X O P R R IR X i B (BT — ORI, B BHES RN 4R/ INE) PAHs AN
Nap \Flu Ant S5 5A7 38 w5 0 M 25 5 B AE W e, 7 AR 2 e A ik B s At % aige s, @ A
A IEN/K X7 AR HES B £ 38 55 42, 1 JE ( Phenanthrene, Phe) | J& ( Acenaphthene, Ace) . ¢ J&
(Fluoranthene, Fla) € (Pyrene, Pyr) JiE ( Chrysene, Chr) . ZKJf:[ a] & ( Benzo[ a]anthracene, Baa) %5 1G5
ELEHES R PAHSs K RV 2 KA T AR S FHER A R IR SR (TR AERE /) . — Ok Ul BAT h AE s/
K X# Phe Fla Pyr Chr Baa 536 WK, A 298 - 80 Yol , R A8 B D ei ik, @HA e
/K X7 s R B A B/ L X IR 4 UL B ARZ ISR, PRI a] BB (Benzo[ a ] pyrene,
Bap) \EfiJf-[1,2,3-cd ] 26 (Indeno[ 1,2,3-cd ] Pyrene, Ind) I3[ K]%¢ B ( Benzo[ k | fluoranthene, Bkf) , H:/A=
Praik (e R B AU TE) 32 L IR, Y L XAE TiE MRS B B 4] K X3S P | BEAR
HAEMEEYE, PAHs AYIX 2L 24544 5 {22 RR Ak BB AR 4 fif B i i 58 b IR AE W A= W) it 5 Nap  Flu, Ant, Bkf,
Bap .Ind SEROMRE B AN (r<0) B 5 Ant F R E R TUAEFENE, 15 Ace Phe \Fla Pyr Chr Baa &
HAEMHE(r>0) , 5 Fla Pyr BB S W IEAH SR LAk, R85 B PAHs, 1R/ DI — 2
R, IR G AEAE 2R PAHs nTRE R AEVFZAHEAEH . P, 38000k Wi I& 2540 1 25 57 U2 2 Fil
PAHs BRAVEHIROREL , R, T3 GUE DRI 5 14 PAHs FREFIVR Y R AMCKER

PCA 1 RDA 43173 H , PLFAs 7E R RIAE X 2Z (0] 22 40K, HORRIFZEA PAHs 5K 252571 PLFAs 11
LI R A 5 18:109¢ (18:1010.24; w15t FrIL) G, C10:0.C18:0.C16:0 FRiRAYZNE ,9m17;
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0.,a10:0.i15:0 ARIRAY G HYZ AT R IR — 5 B IEAROCHE . AR YR 3% LU E ) 5 0 3% PAHs F L8805
M R, 15 AFE R TR 530 4 Rl . O +IEABEA e E A W AR 1, PAHS B0 i B i /)y, %8
{35 3.4 X ; @I EE S R0 — o B2 B A P2 2B VE T, {3 PAHs (9 e fi B th K, 4246 5.8.9.10,12 IX;
@ FEEH PAHs 5 PR A0 i B 045 2.7 13 X, @PAHs 75 Y i fif B R T8 fe ik | (45
1.6.11.,14 15 X ; Ut BHIZ X 3R 052 15 Y P f 38 BC I RGE Whif , BEVE 4509 02 X PAHs 1R A 15 YL FIEER
B &4 SOC .pH \H,0 MIZRA RN, A SE M BLHEA A ffiff— 25457,

CYCLO/16:1w7c 18 1w8c; SAT/MONO 1 Lt {ELH 8 FH R AR 1 A PR X AE 4 14 e 1, G 5
TR ) BT 22 B Fh 30 A PR Cordova—Kreylos 25X 111 LA A M 70 VAR R e b £ S50 A= W e v 4548 )
W5 &P CYCLO SA HLTG YL I 48 15 YA B A IEAR DG R 50 SCiik P A HefE < 0.1 B £t B
{8, %X 13 CYCLO/16: 107c 18 1w8c [ FLAEE FITE 0—1.01,¥I{E K 0.2; SAT/MONO 1 H B JiE Fl#E 0—
20.3,3¥1H0 4.9, SHAHE X HEPER S, EZRFE A2 X IR0 515 Y077, HIEMUE Y 2 3
XU A, 5 RDA /0 Hrss R—3,

T IEREIE AR I Ty . — AN (56.3%) > GT(17.8%) > G (17.5%) > KR (4.1%) > EH(0.9%) ;
G+ H PN A B PAHs FEMEES , G HBHE W Z B SFMERETE . 6/C IHEEARFEEX
Z IR ZE K, U S15(12.6) ,S14(4.5) ,S11(4.1),86(1.8) HAFEX MK T 1, F£WH PAHs 75 Y a9 5o 1 1
RN TR R SR R R, 3 L, 80% MIRE X LAE AL I SUE D AR B EE (G /G <)

RS IREOT RS R I T B AR — RSO A T Bk R AR o, AR R 2 2R A
IRBCER AR /D s AE PR A 55 Y e T BURRAR ST O b P 28 ki Fh S B — (RS T REAR K,
Margalef $2 G838 i 3= 5 BEFE BRI X 05 e ft B2 L 5 BEAR BUR TR P 1 R G0 b Z 048 bR, —
ML OLT |, PRBE TG YK TR Bl ) o6 20858 (40385 7 B b, 3 & TE RS B0k =5 . 7% X 26 Bl PLFAs (9 FH
FEFREEIFEITE 0.802—13.8 , R WIN [Al fl 2E My e o) PR 5 HAA AN [A] (13 v, e C16:0, C18:0 FRic B4 ;
16: 109t FRICHY G 1+ 5 FEFR B0 =1 (13.8) X% M5 HA e S 1936 N BE /7, Shannon—wiener (H) 22445
BRI T YR B S R G P AR SRR PE R 5 FR 0 L 181 109t #RICHY G™ 9mel4:0.a16:0.i15:0 FricHy G
AR RO 55 (0.368) , RIIIM A Y 3P U 5 2 ; Pielou (1) Y55 BE 48 $0UR WA [R) PR 458 2% 14 %o [+] i
A=) 3 A RS 0 S ) B[R] 8 58 25 28 X RS [R) R 2 A W i e 61, 18 109t 16 1w7c cy16: 0 FRiCH Gl
9meld:0.a16:0.i15.0 ARiC AT G 3550 B 8 54 v, 28 IR RS X I 28 3l A W B 48 v B e 5P, Simpson
() M3 8 5 e 45 0 o 50 B A AR AR 15 0, (ELABRK , D BH W Bl 7R R 8 N A A BOR 1 5, A S Rl v 7%
C17:0 24105t 9mel7:0,i16:0 LR FEHEEUR 51 (0.999) , bric i A FFZERE X @A A Fh 2k

4 7518

(1) TIERCEWNAN RS F 45401 PAHs AR . Phe (Ace \Fla, Pyr, Chr 1 Baa 5 PLFAs HJFf
KA YR EAH G (r>0) , BN HEVE ] ; Nap \Flu . Ant \Bkf Bap il Ind 5 PLFAs HIFPZE R )1
B HRICHE(r<0) , RICAHIHIRL

(2) PAHs 75 YLEh 0+ 58 rh iU E Wi V5 Z5 R AE & PAHs JR-AT5 YL 5 3185 K 1 (pH . SOC . H,0 F1 EC) 3
IR AR B, 200 X - SRR AR W) 23 A AT 432 4 Fh 2880, PAHSs Xt PLFAs 1)/ B 5t /) 1 4= 338 R %
PLFAs (B KIZE AL (3 4 FEIX) ; PAHs Xt PLFAs (0 B8k, i - 3E IR 7 B /NI (2.7 13 k
X)) ;PAHs Xt PLFAs OB R R, TN PR th i R A2 (5.8.9.10, 12 FEIX ) ; PAHs XF PLFAs Ffif
BRI, M 3K X PLFAs (R R/ NIYZE A (1.6 11 14 15 #EIX)
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