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Mr /K o BE AR S R D i ShA o e K 2T AR, SRR, KB E MR TE 20 ~ 27 BT, 3@ 1] B IE
1] ( Proteobacteria) . JEBEFE ] ( Firmicutes ) AT EE ] ( Bacteroidetes ) , B AT TE 44 ~ 65 A4, FLrp It SV 40 = 200 A A
BJE ] (Proteobacteria) 5 FE/K HEME S R A 1 EEBUNBA 55 R, B SHE | O | RPERGE LY BHBRICSS

P AVESEBOR ARG, Hodr ) SR AZEMsiEYS | W MUAE HH OGBS S5 JEAT 8 (Arcobacter spp. ) . 51 % B PNIER L 1) 25 A4 B0
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Diffusion of Microorganism and Main Pathogenic Bacteria Durmg Mummpal

Treated Wastewater Discharged mto Sea “ =/
XU Ai-ling, NIU Cheng-jie, SONG Zhi-wen ", LANG Xiu-lu, GUO Ming-yue o
(Tnstitute of Environment and Municipal Engineering, Q'i-‘lngdao University of Technolc)“gy“,‘ Qingdao 266033, China) &

’
Abstract: Numerous microorganisms, especially pathogens, exist in treated wa%teWater which leads'to possible risk fo pgp\ﬂa;iéh
health and marine ecologlcdl security when treated wastéwater is dlbchdrged into the sea. his st,udy qelects Maidao municipalssewage
treatment plant as the location. The microbial communlty arld,-{he dynamlc dlstrlbutlon and seasonal Varlatlon of pathogens are analyzed.
by hlgh throughptit sequencing technology. Thé resul}é". %hmﬁred that the microbes in the discharge weré. ‘distributed into 20 to 27. phyla
and ‘the dominanit. phyla rwere Proteobacteria, Flrmltutes ﬂnd Bacteroidetes, which/were mainly distributed in 44 to 65 lebbeb The
predominant pathogens are mainly composed of Gammaproteobacterla Betaprot!{)bactena 4nd | Epsilonproteobactéria in_/the
Proteebacteria category The proportion of miét Homindhy phyla land classes in ithe’ %ample decrehsedjwith an increase in dilfusion
distance. | There werdiiainly 55 species pathogenic bdcteria in the water discharging/into the sea. The pathogemc genes in the discharge
were maln'ly related fo cancer, cardiovascular disease, lmmun&' system diseases, infectious diseases, metabolic diseases, and
neurodegeneratlve diseases. When compared“with the blanks %ample% it was found that the biomass of pathogenic bacteria decreased
sharply with the diffusion by the seawater, and most of the pathogens were not detected 1000 m away from the seashore. Arcobacter
spp. catised human and animal diarrhea and bacteremia, Acinetobacter spp. caused nosocomial infections, and Shewanella hafniensis
posed a threat to seafood farming and fishing. The three species of pathogenic bacteria mentioned above occupied a fairly large
proportion of the discharge into the sea.

Key words : municipal treated wastewater; discharge into the sea; diffusion; microbial community structure; pathogens
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KIGAFE TR RAL, AVEAR R K HERO R
TR RRZ I 1 X B A R R 22 Ak BRI
TEZE B AR M e AR o A ) B AU LR 7 i
B, WERIFT R . FERAT R . ek S, R
TEHARIEE. 5350, BA TSR 8 KRR HE
JE RS A YRR SR B RE I, DR JC T 4t v
W R/ HEE L AR AT REAF AR RO AU [ XS TRk
HRE 2 MBS RASABN, F TR T K HREEXS
VK K TR I AL R T 45 D TG R AT
SRR T PR R ) AT BATERIE S L AR ST 2 T S ) 4
BRI 2 BUHETS 1R TSR B AT 1 | 5797 I A B0
IREETG Y G ) HEIR R G A 5 R K
TR 22

G E e M S N N 53 e A3 D o e S N 7

m’ed™, TAEEHE 1. 71 hm?, V57K 8 T kb 33 ) 38 5xF
DN1000 , £:1 030 mAy& E RIGHE (B 1), L
KIS AR VG2 20 km, FEILTE 1 ~3 km, S
35 km?®, Vi {5 K i 22 A S THIE A LR BET .
P T KA IR AR R, S AE R s, K
FEHERE O B EEHEA . B KR T
TSR T 2R 00 B AT V5 PN 5 /KOG il) B2 X AR 4 1) — Ak
UDRER ) (B S FIXT IR

K GPS EALAE L, i HE IR ETS
TG BT AR R A5 KT BEHEG 11 0 m (BP H 7K
1) .50 m, 500 m, 1000 mibFEZ(FE/KHE 0.5 m) 7K
FE(R 1), BARAE I AT B S AT HEIFIR
G [FIE, 7E505 KR R AR KRS X R

WA N KR G R AR 5 45 3 =TT %, gﬁwmn @s00m(HkR)  © %M
SIEVAR 0 JL A K 95 9837 42 7 8 T Al 9 34 7 i
Ak, PI I B R RAE T RTOk. F T CTET T
A 18 RISKAER), RHEMRKHERRRIE 4 42 T e g
v BCKREE B K IR G R K SR E O seovier [ SO “
Wy, BRCBRSE T S T 5K A B R B L w —
Soxt NBSIHMATE A B R L. AT A
BT ST AMCE THRG R K W ORISR e |
i b e RS T R K HE I 1o B R O B R &
gk, e e B R R R o s R e
ﬁ%ﬁ%ﬁﬁﬁ%ﬁi%ﬁ%%wwﬁﬁ%%ﬁﬁl
VE e S o g |
A T 30034
1 WS 3
y HOm™ x4
1.1 Eﬁ% Bﬁﬁ%ﬂﬁéﬁ%%% IQO"QIS‘SS" 1209115'56" IQO"EIS'S?" E
A BV KA BT T S AL, — T Ml APRAGEEERDARATE
BT 1999 4 i BT, B E B 10 e donng foor e
*1 HREEER
Table 1 Sample collection information
= KAEH SRAERT [H] KREEARBY/L SRR/ C KK IR/ C e AU 1L
X% 2016-01-05 12:00 1 1.2 2.9 [iiEldp]
P 2016-04-06 12.00 3 13.2 12. 4 VG R )
ES 2016-07-05 12:00 3 28.7 23.5 7R 1]
Bz 2016-10-09 12:00 3.5 18.5 20.3 B 17

1.2 KJE AL BRI E

it PR 485 =K 5T BT {030 3 W A5 3] 46
pH (BRI ) F1 DO (¥ il S0 ) Ve 2. Ho A 3 AL 48 A
BINH, -N (&%) . NO; -N(F§%) . PO} -P( 1] ¥
PEBEBR £8 ) DU 7 /KRR AT [0 5206 25 19 24 h PN 58 AR
(%2).

1.3 EZNER 5

XA .10, 100, 200, 1000 pL #2 ¥ M ( 1% [
Eppendorf) , fE#Ex0/K 873411 ( 38 F Hach) , 1E¥F
KX Z B 2% SHB-MLA ( TR 3E) , 18 IR KAl
DK-8D ( B 5 K), mHEZERKEM (H A
SANYO) , HaierBCD-201 7K4fi (75 55¥8/K), A5
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Table 2 Physical and chemical indexes of water quality at each sampling point in the four seasons
o DO NH, -N NO; -N PO}~ -P
&S5t SRR B/ %o pH O - _ o
/mg-L /mg-L /mg-L /mg-L
kO 0.86 7.1 1.21 5.4145 0.3762 0.007 8
50 m 20.25 7.2 2.13 0.9582 0.2342 0.0133
X7 500 m 29.45 7.3 8. 12 0.294 1 0.2231 0.0162
1000 m 31.22 7.8 8.35 0.2152 0.1876 0.0154
2 30. 58 7.8 6.87 0.208 9 0.1955 0.0155
kO 1.09 7.1 0.33 4.0552 0.3285 0.009 4
50 m 25.72 7.1 0.78 0.5421 0.2106 0.013 8
B 500 m 30. 56 7.2 6.90 0.8855 0.1525 0.016 5
1000 m 32.04 7.4 7.16 0.1823 0.1394 0.0184
ZH 31.86 7.3 5.23 0.198 4 0.1236 0.0179
K 1.67 7.2 0.48 4.4092 0.1377 0.008 5
50 m 27.88 7.3 0.98 0.8837 0.2514 0.0126
" 500 m 31.05 7.4 7.12 0.340 5 0.2124 0.0157
1000 m 31.98 7.7 7.48 0.2676 0.1895 0.0162
! 32.01 7.6 5.55 0.2872 0.1914 0.0159
ok 1.46 7.1 0.95 4.9485 0.2247 0.009 1
50 m 28.05 7.1 1.88 0.656 9 0.1645 0.0129
b & 500 m 31.98 7.3 7.64 0.1926 0.1405 0,016 37
1000 m 32.18 7.8 7.88 0.189 1 0.1278 0. 0191
= H 32.21 7.5 6.34 0.205 6 0.1357 00188
_— | “"l ——
N . s p: Y e i
LML ( ZEE Thermo Scientific ) , 73 % 250 L (2 1.4 %9/\7]“/2 ' © /!
SIGMA) , JEiRIR G4 MS3 basic (FEE IKA )Y #i#  1.4.1 DNA Bﬁ?&ﬁx Sk ol 4

by 53\ 6t BE 1 (€ Nanophotometer) PCR }-}f
(Apphed Blosystems 2720 Thermal cy‘éler) f %@'ﬁ&}iﬁ
FENESE Bio-Rad).

X7 H Z. N A. Soil DNA Kmﬁ H%l

oMlg,GA NGB AxyPrepDNA W I Il Llﬁuﬁ | 4 ( 3%

5| Axygen 2SAY) | Tris- HC] S NEE, S e
Al U AR I A VAR ﬁé@ﬂﬁﬁ
VAW, IRALH (3 mol-L™" H,S0, 50 mL ., 3% %H
FR% 20 mL . 5. 4% HUIAIMFR 20 mL . 0. 136% 11 £ R
BRAR 10 mL) , BEERERVRUEA .

ﬁ%é’]ﬁnn? 24 h I’\]?X 0.22 pm 1}%}Lﬂ%ﬂﬁk

g, /Z?TE’JEI{}E? C20CHRAF. AT Be ZoN. A_.._._,

Soil DNA Kit g8 Gr4iciif uh 1 15 42 (1 () B A DR

Ebkﬁi%%élz%ﬂﬁ . DNA. FRE i o e
Hali 5.

A 5 KA B Elﬁ%kﬁlir@L&EF{MT By

T 7 4% KA A5 SRS (R LA B K IR  R 4 1

2 HRER, FEHDNA 1Y Ay /Ay HITE 1.7 ~2.0

ZIEI(3), ULRHREAY DNA 4l A5 G2k, ]
T .

#*3 DNA BJREUER

Table 3 DNA extraction purity and concentration

Ane/A e oL
b TS a0/ o DNA %/ ng- 1.
Es H% "7 & KZ Faes K= &S
ok 1.862 1.847 1.857 1.907 297 326 478 706
~ 50 m 1.828 1.714 1. 855 1.952 130 58.8 105 201
5395 K Ab 3
AT KA IRT 500 m 1.818 1.842 1. 890 1.824 98 85.8 272 83.3
1000 m 2.000 1. 800 1. 865 1.783 53.9 88.2 304 53.9
KRS M 1.786 1.778 1.935 1. 870 61.3 39.2 206 316
1.4.2 &l E P B S B PCR AR Z (25 wl) 4.5 x reaction buffer 5 pl, 5

(1)PCR 14

PCR ({4 34 X 5 4 16S rRNA fY V3-V4 [X | 16S
rRNA ¥ 34 51 1)k 8 51 41 (338F/806R ). 514
ZRRANB Y75 4350 K . 338F (ACTCCTACGGGAGG
CAGCA) F1 806R ( GGACTACHVGGGTWTCTAAT).

x GC buffer 5 L, dNTP (2.5 mmol-L™")2 pL,
Forwardprimer( 10 pmol-L. ™" ) 1 pL, Reverseprimer (10
pwmol-L™") 1 wL, DNA Template 2 pL, ddH,0 8.75
wL, Q5 DNA Polymerase 0. 25 pL. PCR 2 5544

98°C A= M 2 min; 98°C A4 15 s, 55°CiE &k 30 s,
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T2°CIEI30 s, 25 ~27 ME; fefm 72°CHEH S min.
H AxyPrepDNA &EZ RIS £ 711 PCR 724, £
Tris-HCl VeSS, T 2% BEARBHEERE HL DA I,

R4 PCR &34 B, §7 15 19 45000 LB M
WA FLRA A B — 3, W T, DNA WRBEEIRE) T
PIGEOR ) WM TR0, & R IRAR
YR A PR A R EAT Ilumina MiSeq 1518 w0 .

(2) My s e A sk 3

PRAE S B 45 B HER 4, 32 H Qiime ( version
1.9.0, http://qiime. org/) #1750 k8, Ko ok
UEARMED : 5 BR 5" i 5| W) B L BB E 2 > 1 /Y A
ZEREA NCBOITRIL ) B9 P51 5 25 BR & A 1 2L AH [F)
Mﬁﬁ>8%fﬂ;£%&§sw%p%?ﬂ;£
brite & 51, 12 F Mothur {4 ( versionl. 31. 2,
http://www. mothur. org/) H' Uchime B9 75 1k 2 R
AT, 1R RE TR S5 LU 4.

(3)OTU 2317

7 Qiime 1 H Uclust E‘Jﬁ/iﬁﬁlﬁﬁf?ﬂ?ﬁf?
GURRBLRE 979 HEATHRIS, PRV P I K 91
RIRFEFA. Qllme tHE ] Blast ﬂﬁﬁ%ﬁr? 1%k

%E‘E%Eﬁ LEX, Zﬂ%ﬁ/\ OTU ﬁi‘%f?ﬁﬂ I 50 2% 1 e

{f*#ﬁ(ﬁi E:Fjﬂ Greengene( Releases 13 8 hit fp" //
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Fig. 2 Rarefaction curves of samples in the process of water discharge in the four seasons
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Table 4  Diversity index of high-throughput sequencing a in the process of water discharge in the four seasons
F5 SRAE A OTUs AR Chao 1 4655 ACE #8544 Simpson 764  Shannon 5%
Hip/ NN 4714 0. 959 838 1347 1264 0.94 5.92
50 m 3727 0. 966 963 2052 2011 0.97 6.87
X% 500 m 3015 0. 956 805 2371 2387 0.93 5.93
1000 m 2689 0. 959 543 2197 2152 0.93 6.31
= 4189 0.951 049 1 544 1569 0.92 5.59
Ak 2266 0.970 139 608 644 0.96 5.99
50 m 2551 0.954 767 743 902 0.94 6. 03
A 500 m 4108 0.953 526 1027 1153 0.97 6.92
1000 m 2960 0.959 041 783 888 0.94 6.17
ZH 2206 0.961 698 646 756 0.95 6.07
ok H 5089 0. 959 022 1314 1324 0.96 6.53
50 m 4867 0.952 257 2293 2323 0.95 6. 69
CES 500 m 4342 0.954 551 1838 1983 0.9 5.61
1000 m 4003 0. 966 293 1767 1830 0.87 5.11
[ 1959 0.961 741 2148 2197 0.97 7.16
kA 1437 0.991 118 647 692 0.87 5.27
50 m 1724 0. 988 408 954 954 0.82 5. 4=
r 3
kR 500 m 1720 0.988 081 1292 1576 0.9 o 6. 04 =
1000 m 1396 0.991 467 1453 ~1691 | 0.94 ] = ....69u"-'
2 1962 0./990 983 887 1135 0. 85 A4
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Fig. 4 Dispersive discipline of microorganisms from sewage disposal plant discharge at the phylum level in winter
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Fig. 5 Dispersive discipline of microorganism from sewage disposal plant discharge at the phylum level in spring
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Fig. 6 Dispersive discipline of microorganisms from sewage disposal plant discharge at the phylum level in summer
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Fig. 8 Dispersive discipline of microorganisms from sewage disposal plant discharge at the Class level in winter
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Fig. 9 Dispersive discipline of microorganisms from sewage disposal plant discharge at the Class level in spring
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Fig. 10 Dispersive discipline of microorganisms from sewage disposal plant discharge at the Class level in summer
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Table 5 Proportion of pathogenic bacteria at each sampling point and in the blank water samples in winter
s ATRRME RS /% __ P
0 m 50 m 500 m 1000 m ~H

Acinetobacter kyonggiensis 10.9 2.01 — — — I S JRege I hE , =R UAET
Arcobacter cryaerophilus 8.77 0.11 0.29 0.71 — T I I S
Arcobacter anaerophilus 0. 66 7.41 — — — FREMEIRYS, s, MKt
Arcobacter butzleri 0.55 0. 87 — — — PR ILAE | OIS | IR R RS
Arcobacter suis 0.54 0.35 0.11 0.17 — FPEEVERRTS , &, Kt
Pseudomonas anguilliseptica 3.43 3.98 — — — BORMPATE, W E I
Pseudomonas caeni 1. 08 0. 54 — — — HAREh2H
Pseudomonas guangdongensis 0.32 0.33 — — — BembiZitE, = EOE
Pseudomonas hussainii 0.52 0.27 — — — BORPLLGTE, SR
Pseudomonas protegens 0.58 0.38 — — — BRPUETE, MmO
Bacteroides coprocola 1. 16 0.18 0.14 0.12 — SRR IR A Ry
Bacteroides uniformis 0.28 — — — — 5K EIR ARG
Bacteroides stercoris 0.29 — — — — H5RGH IR GG
Bacteroides plebeius 1.02 0.25 0.21 0.21 — HRIGFF IR A B
Bacteroides vulgates 1.12 0.33 — 0.2 — 5K B ARG
Flavobacterium aquaticum 0.49 0.25 0.26 0.16 — I W% 126 J e
Flavobacterium succinicans 0.19 — — — — P R e = J
Flavobacterium psychrolimnae 0.41 0.1 — — — .k 5 IS g d__f.--":_é' _‘
Leptotrichia goodfellowii 0.28 —— — — = 1 L SR ; -
Weeksella virosa 0.14 ! = — — = T P 7R i 5 A u."'ll —
Shewanella putrefaciens 0.13 o8 — — — F AU, g,’uﬂ:*ﬁ'ﬁ 7IQ ]
Shewanella denitrificans o .5 41 — — e FAPEURH, gﬂﬂ:llmﬂem y".-"". ?,,-""
Shewanella putrefaciens ! £ - 10. 81~ — — .,.ﬁ %ﬁ:ﬁ(ﬁﬁ I, é}i?ll"ﬁ@[‘} .
Shewaneﬂa frigidimariﬂ"(; ! ‘ — ot p83 — — W g EE%@ VGG #,‘
LPu(‘athrlx mucor " i _;L ‘,/ 0‘__2" — - ol I ﬁ%ﬂ%%‘ - i _ -
Phaeqcysndlbacter luteus - 2 :‘ ’ 13.7 20 ‘ k— (ﬁ’[ﬂlﬁ PR, feEmk -
Listonella angulllarum 1 \ —Fr — 3.39 2.73 ff T .‘ 0 2 D 25K PR S BOR
Pseudoalteromonas haloplanktis 1"— u“'“ ._J— - = 5 S BOR T J o

19 Frt ok AR RS, T

| J 7 )
Ki&%ﬁi?%#ﬁﬂ@%‘f&”ﬁ’fh% %ﬂ: %%E’Jﬁi
KLU ST B 1T ( Bacteroidetes ) 1/E7~77':7' — A
B, ZHEBEADUE AN, 55K ZE N
WY, FEEME AP, WA R e TE
Ky SRR SRR s, PR AR, &
2. HERZE" . JEEER ] (Firmicutes ) HAY 25 04T
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Table 6  Proportion of pathogenic bacteria at each sampling point and in the blank water samples in spring
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Table 7 Proportion of pathogenic bacteria at each sampling point and in the blank water samples in summer
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Table 8 Proportion of pathogenic bacteria at each sampling point and in the blank water samples in autumn
- KRR A 1L % I
0m 50 m 500 m 1000 m ~=H

Acetobacter malorum — — — 0.28 — oIS M LU SRS | AL
Acinetobacter johnsonii 8.28 — 0.11 — — 5| & Al ik gy
Aeromonas lacus 2.10 — — — — IR AZSETS , Wi 55 2 Fh sy
Arcobacter lanthieri 7.22 4.67 1. 86 — 0.49 X H WA R A BRPIA M, m B0
Arcobacter suis 0.19 — — — — FREMNETS, B, MKt
Bacteroides coprocola 0.23 — — — — SR RIR A R
Bacteroides plebeius 0.85 — — — — RGBT EIRA R
Bacteroides stercoris 0.10 — — — — R ETR A R
Bacteroides uniformis 0.21 — — — — RGBT RIR ARG
Bacteroides vulgatus 0.55 — — — — R RIRA R

B PR T BRI LT3 R R
Enterococcus hirae — — — 0.17 — /A s Bz AR Ry ) iR T] 5] E e SR A i

s SR MJILHE, LB 2 FOARO B 2.
Klebsiella quasipneumoniae 0.69 — — — — ARAG PRl 52 5 UL A4
Phaeocystidibacter luteus — 0.31 1.12 0.24 2.12 Wik, AR E, fGEEE
Pseudomonas guangdongensis 0.28 — — — — BORMPTLNE, SR
Vibrio toranzoniae — 0.46 1.31 — 2.34 W iE N, I
._,l" '.

BALH s BEAT 40 ( Flavobacteria ) 7EAH RN H Ak 35 R 2, A ails, % &= g % QW (B-

AT LA G , 35 3B R 1 M T
ARG A ZE R MEM LR AT, 5 Bl S 28 fh 11
EsENS| _Jﬁlé% v E N (y- Proteobactenum)

B-72 A5 %éﬂ(,&-f’rqteobactenum) yﬁ%ﬁ-ﬂ? /ﬁ'ﬁ?
ﬁlﬁiﬁﬁﬂﬁ%ﬁ#%@ 215 kA B R B, COD
Rl HEE S % ok B (e

Proteobacterlum) AT RS TR AR 1 - 15@%4’;3 IJ]E?,E: ]
i €0D g DifE. PSRRI R 1 gk AW

T, Hﬂ%ﬁﬁF/@%[A PRI, S T
FEMUER, S22, BRI i AR G 5 SO AR B vk
BEB AR, (S HAERE AR Y 7 LRSS O
T N - NI S N S < B R (T <
(Flavobacteriia) FEAFTE T/K ARG T, 28000 A
TE. o H A (a-Proteobacterium ) M & 28 1 B
FIhAE EESUR A, HiZE WA w2 5 s
A R, XN A TR 52 R /K 3T B 52 i 4
AN BN 2 AR I R — R BED AR B U
/L. B-AETE B 4K ( B-Proteobacterium ) 1 41 1 5 52 £h
SR B AR I, LR B AR R R R,

AW 22 55 15 K AR B3, B = 224
AU HAIE T K LB s, (A5 K i
IKEREET i, DR ZE AR A B R P R LR
TG MTERKA Z71y 250 R 3R AT A8 AR
R IR el A5 4 P 179 A K B R AR .Jﬂ:ﬂ(ﬁéﬁp
AR RS R R AR T,
RGO R SR B E’/ﬂﬁ.?iﬁ&T?ﬁL

Proteobacterlum) TE AR R i ‘4“!3’] g Hﬁagﬂ.ﬁﬁ’@

FE 7K A RRE AP A ICECT _ZIH%'J,?’;Z
WA | ﬂfﬁiﬁ %*ﬁﬂtmxzﬂjﬂ:gﬁ(Acmembacter
v ) SR BT B R 3 r fe o
( Pseudomonias.,spp. ) %5 N 25 B9 14 ; %I@lﬂuﬁf
Hﬁf:*ﬁ?éﬂﬁﬁ%{ﬁ/ﬁ 8 (Arcobacter spp. ) N B
M WL B Shewanella  hafniensis | :
anguillarum | Pseudoalteromonas haloplankiis |
Leucothrix mucor /KPS EUR T, Wit 555 HEE
At RO IR B, TR /K BORRRED HIOVE TR BOm 8 A=
P 2080 F %, FEBEHEVE 1 000 mAb A AE A R
PR EORE AR BRI . (HIE, 4 DEW R
K 21 =5 JE KT 1 J& (Arcobacter spp. ) HAEFKAZEHE
HEIETT1 000 m B9 A B iy PR IH A7 A2, X5 E A
R A T P T HETS VRIS S AT R R S A
TR — B, IR S5 AL RIS AT s
TG 7K B A ) S s 28 6 TP Y D0 3 TR R 1) 25 R A
K. LA RSP IR A B TR R TR
W, FEARF AR, EESEAKA . A
BASESPE R AR, 5 AR YR IETS
PR IMAE S5 B DA ¢, BomtE 53 s A2, H
Fe S i S AR IS0 KB/ T I Acinetobacter
kyonggiensis VE A 4% 11 BUR T S MR RS 7 B A it
AL R R A SRR | CILAE | R L O B

Listonella

13 0 R B JOR IR | WA DR A B TE R A5 2 K
BUIZ B0 B A HETE 040 3R AL R A o L 5%



3 IREZFE A Sl /KR R b R M B T BB T IO 1377
A RE 2 X BT v K A 7 AR A Al 3 R 5 2932-2944.
ﬁl\ ) %71( EPZ?Y{E‘J?KFZJJ%@I% 4 m FJI:;SH‘FEDD E,(J [5] Fjerrer A, Nguyen-Viet H, ststag J. Ql'lanuﬁcallon of diarrhea
N . o N risk related to wastewater contact in Thailand [ J ]. EcoHealth,
%E%u%%ﬂ?ﬂéﬁiﬂj} s %%&ﬁ@%ﬁﬁ@ Eﬁ:ﬁﬁi IETJ 2012, 9(1) : 49-59.
IR PR . 12K EUR E S RGBT [ 6] Betancourt W Q, Duarte D C, Vasquez R C, et al
\]ﬁ N EI/‘J 1 /ijj\% JE/( L;%g E%*ﬂ— E(J };th n %ﬁﬁ% /ﬁ)ﬂ Eﬁ ;’I:k{i erptOS{)ori(lium .and Giardia. in tropical rccrc.atiurTal marine wa'ters
” L s As . FotR o 32 contaminated with domestic sewage: Estimation of bathing-
_[KE‘FZ:E‘I—:‘IA ! % Eﬁﬂ‘ﬁd\ Bﬁ/ﬁ(ﬁﬁ*&ﬁ E’J?éﬂ?é : associated disease risks[ J|. Marine Pollution Bulletin, 2014, 85
HEBUAHOCER T 8 S n i I i e 7K B ik A= W 2 1) 42 (1): 268-273.
%E}Fﬁ L_lej E’]*AL{IJ_"J {57J(5L.IE%7J( ﬂé&ﬁ‘qu‘ﬁ [ 7] Nelson KY, McMartin D W, Yost C K, et al. Point-of-use water
/_:IE%*E*/]\‘ ’ }'Fj][] ?ﬁ‘@ﬂ({ﬁ%ﬁ@ ﬁy]:{]‘ E[*ﬂ_‘{)m I’ﬂz L j:-HE dlsmie?tlor? using UV hght.—emlttlng dlode.s to reduce ba(:ter.ml
contamination [ J ]. Environmental Science and Pollution
S . N p
o X A A it B A4 R P8 W 5 0 — 25 ik E A% TR, Research, 2013, 20(8) ; 5441-5448.
Ei&f\%ﬂfﬁ ﬂ‘é H\V]*Ei{ffﬁ’%ﬁ iﬂ@% [ 8] Stark J S, Corbett P A, Dunshea G, et al. The environmental
ﬁpm ﬁrﬁ[J o [/J\ }EH q: {% T EE U\ 7 EL 'I//\ B}j _I_I‘_“ Ez g% impact of sewage and wastewater outfalls in Antarctica; An
o ’ example from Davis station, FEast Antarctica. [ J]. Water
T T Research, 2016, 105; 602-614.
[ 9] Price WD, Burchell I M R, Hunt W F, et al. Long-term study

g

4 ZH=ik of dune infiltration systems to treat coastal stormwater runoff for
fecal bacteria[ J]. Ecological engineering, 2013, 52, 1-11.
NSt T 07 ARG g g

( ! )4 == %ﬂ( ':P E/J M ]}}%’ :J: 20 ~27 il [10] Praveen C, Jesudhasan P R, Reimers R S, et gl _,Eféctron‘beam
N . TSN s e N e s N N e J 7
] s 'fjﬁ% Bl | ] I:F‘ E@ﬁﬁ} ] ,—J EE& ] I *H Mﬂ: B | ] inactivation=~of selected microbial pathogens ._axia.“| indicator
FEESEKRA A H , H BB S organisms in deroblcally and anaerobically digested sewage sludge
tt’fﬁu%ﬁ*ﬁ%ﬁﬂﬁ% Eg:l: jt;EAC{ZISI_F F%t;é\ 4., /I\é [JJ . BlOTP%OUr(‘P TE‘(‘h]’lOlOgy, 2013 144 652 6‘57
- iy i A e [11] Pandey P Ky Soupir|M L Haddad M, et . Agsessm_g the
TJF'%ﬂ(EF'E/‘J HE‘]}E:F‘ 44 ~65 M A ﬂ KEP V-5 impacts of waler@hed indexes; and precipitation on s_pel'tlal “in-
ﬂ: %Qm B-7 }F//j[i_él"éli] &-" ﬂ:/ &3] Qﬂf-!:/[\ﬁ 5z} q.:-] I—I_:f streany E._coli -’conLenErauon,s[J] Ecological Incﬁcator.s_,, 2012,

30, gt
Hy L Fﬁﬁ?ﬁﬁﬁﬁ%ﬂﬁﬁjﬁkﬁiz?%ﬁ . ofep. @ -
[12] Mcndong.{ A Losada M' a, Rels MT, etal. R}sk ds>c.b9menl ln___.
2(2 )4 é‘T’ %ﬂ(qj = ﬁ E/J ﬁﬁ submagthe gutfall projeats: The case of Porlugdl[_] 1. Journdl of
it Hes Elﬁérﬂ: iG] IR, B A {’@EE B E’J i"‘ j][] Envifonmehtal Management, 2013, 116 186-195.
KB FERT A 1) 687 507 @gg%iﬁj{w{& [13] AT IR, SR, . T R R S
fEE'ﬁF@DI 000 mLH’Jﬁénn Eiﬂjtj—llﬁﬁzﬁ@ﬂ%ﬁ&’ 7 %Zﬁ«ﬂ;iﬁkﬁﬂm WX WFSE L], I F IV 24 24 41, 2017, 36
V\{EJ H:’J 4 %é ILH ) E/J ACLnetOb(lCter kyORgg'leRSlS Lin X P, Hu Z J, Zhang Y Q, et al. Study on predicting
’ﬂzj‘jﬂi'ﬁ:ﬁﬁ ] EIHF{’@ 4B RE S ey b e environmental impact of marine sewage discharge project and
A S N S Ve b selecting the effluent discharge points in Dongjiakou[ J]. Journal

5% , FIREZIXS TR K IR S fi it . -

’ H ‘K Tl}ﬁ _H_ﬂ: J(”/{;ﬁ z,}\ﬁ /J{@J%L}&E‘Zﬂj} of Applied Oceanography, 2017, 36(1) : 3140.
JﬂjﬁXﬂ‘lZﬁﬁfﬁlﬂ El{] {Ijll jjﬁpt& jjﬂgi [14] Wang Y, Xin L. Analysis of pollutants of sewage of oceanic
SEHk: outfall on the water quality [ J]. Energy Procedia, 2012, 16;
[1] Alhamlan F S, Al-Qahtani A A, Al-Ahdal M N A. 1009-1013.

Recommended advanced techniques for waterborne pathogen [15] LWL ZR S R VS R A T o 7 AR A S R 2 SRR A
detection in developing countries[ J]. The Journal of Infection in lilgffi Iﬂ:ﬁﬂﬁ‘i[ 1. H T PEERE RS , 2008. 35-84.
Developing Countries, 2015, 9(2) . 128-135. Zhang Z. Distribution characteristics of bacterioplankton and
[ 2] Heimersson S, Harder R, Peters G M, et al. Including pathogen virioplankton and bacterial diversity in sediments in coastal lines
risk in life cycle assessment of wastewater management. 2. of Shandong[ D]. Qingdao; Ocean University of China, 2008.
Quantitative comparison of pathogen risk to other impacts on 35-84.
human health[ J]. Environmental Science & Technology, 2014, [16] Z5H5, HAh, HRVE. WEEEREY R R0 1 4 5 24 0F
48(16) : 9446-9453. FHRLT]. A=, 2013, 40(4) : 655-668.
[3] MHmER, T4, L AE TBIKANERTT R K AN R TR A5 A Li Y, Zheng W, Zheng T L. Advances in research of marine
)] ITi‘tiH%, 2014, 35(9) : 3473-3479. microbial diversity and molecular ecology [ J ]. Microbiology
Xu A L, Ren J, Song Z W, et al. Microbial community of China 2013, 40(4) : 655-668.
municipal discharges in a sewage treatment plant [ J ]. [17] Yang Y, Wang X, Shi J, et al. The influence of the discharging
Environmental Science,2014, 35(9) . 3473-3479. sewage on microbial diversity in sludge from Dongting Lake[ J].
[4] Okoh A I, Odjadjare E E, Ighinosa E O, et al. Wastewater World Journal of Microbiology and Biotechnology, 2012, 28(2) .
treatment plants as a source of microbial pathogens in receiving 421430.
watersheds[ J]. African Journal of Biotechnology, 2007, 6(25) . [18] Lu X M, Lu P Z. Characterization of bacterial communities in



1378 I A 39 &
sediments receiving various wastewater effluents with high- [25] TEHK, BB, TS, Biostyr BE A WIE M K I FE A=)
throughput sequencing analysis [ J ]. Microbial Ecology, 2014, SR T]. BT RE2AIR, 2016, 10(11) ; 6283-6289.
67(3): 612-623. Wang L, Xiao J L, Dou N S. Microorganism characteristics along

[19] SEWYS, THE 16S rDNA 55 FE SCF %4387 Biostyr BR S AW Biostyr biological aerated filter [ J ]. Chinese Journal of
UEMALFIR T 15 K AN ZREERTSE [ 1], R 244, Environmental Engineering, 2016, 10(11) . 6283-6289.

2011, 31(10) ; 2117-2124. [26] #kiz. I B BELEHAMEEII]. KEFE, 2016,
Dou N S, Wang L. Bacteria diversity in a biostyr biological (12): 30-31.

aerated filter of municipal wastewater by 16S tDNA[J]. Acta [27] B0, SRUKEE, HR4EmR, 55 =178 Aa WIS Je 5t iR iif
Scientiae Circumstantiae, 2011, 31(10) ; 2117-2124. MBI [T]. BRI, 2017, 38(4): 1414-

[20] s&3CiH, ﬁ"Fz: KA, A 70 BE T 20 TR I A A M A 1422.

#4 AT T]. A2, 2015, 35(23) : 7608- Dai W F, Guo Y H, Yu W N, et al. Effects of coastal organic
7614. pollution on bacterioplankton community in Sanmen Bay [ J ].
Kou W B, Huang Z Y, Zhang J, et al. Bacterial community Environmental Science, 2017, 38(4) ; 1414-1422.

structure and composition in Lake Poyang: a case study in the (28] TAHMHE, ERIMH, skaling | 2. FiuriEkEHES O ST
Songmenshan Region, China[J]. Acta Ecologica Sinica 2015, )& (Arobacter sp. ) FIAR B & ( Clostridium sp. ) 153 4ii 5 55
35(23): 7608-7614. [J]. W5, 2016, 47(4) . 862-868.

[21] Hashimoto K, Matsuda M, Inoue D, et al. Bacterial community Wang Z Z, Wang Z Y, Zhang D J, et al. Arobacter and
dynamics in a full-scale municipal wastewater treatment plant Clostridium distribution in sewage outlets along Ningbo Coast[ J].
employing conventional activated sludge process[ J]. Journal of Oceanologia et Limnologia Sinica, 2016, 47(4) . 862-868.
Bioscience and Bioengineering, 2014, 118(1) : 64-71. [29] e, R, &M, 45 Zz*f(ﬁﬂ(ﬂgq:%fi@%%%%*

[22] X'J*SC i B AR R B R AR W st R Ak 2 R FCEYRETR T[] R IERLE, 2015, 36(9) .,,~33'§9-33_38.

= u'%; HEVEFE RS, 2014, 1647. Kong X, Gui B J,!'Jin D C, et al. 'Analysi - f“lmi(‘robial
Liu J W. Studies on microbial community structure in typical sea community in the membrane bio-reactor ( MBR) Hural s sewage
areas and their biogeochemical implications [ D ] g_mgdao treatment syst(.sm[_l].‘ thIronmental Science, 2015.’_,.-36-(9)
Ocean University of China, 2014. 16-47. i 3329 3338 3 | /

[23] LiuY, JinJH, LiuHC, et al. Dokdonelfc.z immobilig §p. nov. , [30] 7](1_, ﬁfﬁﬁ)ﬁ@ FORTES AT R AL Wi &})7( /\‘H‘frﬁﬁ
isolated from a bal(,h reactor for the tredtn‘ienf ‘of triphenyknel-héne ¥ #E%[ ] Iifﬁﬁ'uuﬁd»& 2018, 29(1) . 211 214. ‘;,-

~dye effluent, ['.J ]. 'International Journal of @ystematﬁ: and Bi S L Meng H-C. Blologlcdl characteristics and dlavnoseb of.-
: Evolutlonerl'y Mluroblolugy, 2013, 63(4): . o pathngemv arcobacter Jiwme% [J]. Modern Eeod_Science and__.‘

[24 77 Frirak, it SRR, 4 /&f‘/@ﬁﬁ/ﬁﬁt oAl Mﬂ"lﬁi Tc(,hnufugy 2013 29(.1) 211-214. 1

(Bacterof(ietes)ﬁdjﬁﬂ’g##m[ I]. (’5‘#5{@{ﬁ,}014, 45 (‘5) : [31] Suri/A, J Mahapatra A® !, Kapil A. Amnetobacter 1nfect1__}1 in
J "J d National “Medical

“1030-1036. I

7 Wang Z H, Xu ‘M Q, Xie L, et al. Dlﬁtrlbutlon of Ba(’te’mldetes

| in Nlngbo anstal sewage outlets[ J]. Oc eanologla Et.-{lmneloglj'_/"m [32]

Smxca 2014 45(5) 1030-1036. <

neurosusgical intensive care [patients [J].
Journal“of India, 2000, 13(6.).: 296-300.
kA4, I TS Y i 7 AR AE ) ]
(10) : 53-54.

Kr=3%5H, 2012,



HUANJING KEXUE Vol.39  No.3

Environmental Science ( monthly) Mar. 15, 2018

CONTENTS

Characterization and Variation of Organic Carbon (OC) and Elemental Carbon (EC) in PM, 5 During the Winter in the Yangtze River Delta Region, China +:+teeeeerereerenensinnsinennn
KANG Hui, ZHU Bin, WANG Hong-lei, et al. (
** YU Chao, YU Xing-na, ZHAO Tian-liang, et al. ( 972
LIU Jia-shu, GU Yuan, MA Shuai-shuai, et al. (
WANG Shi-hao, JI Ya-qin, LI Shu-li, et al. ( 990

Particle Size Distribution and Human Health Risk Assessment of Heavy Metals in Atmospheric Particles from Beijing and Xinxiang During Summer «eoeeseereseeressennsinii.

Important Effect of Secondary Inorganic Salt Extinction on Visibility Impairment in the Northern Suburb of Nanjing -

Day-Night Differences and Source Apportionment of Inorganic Components of PM, 5 During Summer-Winter in Changzhou City -+

Characteristics of Elements in PM,, 5 and PM, in Road Dust Fall During Spring in Tianjin

......................................................................................................................................................... ZHANG Xin, ZHAO Xiao-man, MENG Xue-jie, et al. ( 997 )
Ecological and Health Risks of Trace Heavy Metals in Atmospheric PM, 5 Collected in Wuxiang Town, Shanxi Province ++++++s+-+-: GUO Zhao-xia, GENG Hong, ZHANG Jin-hong, et al. (1004 )
Characteristics of Particulate and Inorganic Elements of Motor Vehicles Based on a Tunnel Environment ««+ssxsseesesseseesesennienen LI Feng-hua, ZHANG Yan-jie, ZHANG Jing, et al. (1014)
A 2013-based Atmospheric Ammonia Emission Inventory and Its Characteristic of Spatial Distribution in Henan Province *+ WANG Chen, YIN Sha-sha, YU Shi-jie, et al. (1023)
Emission Characteristics of Wind Erosion Dust from Topsoil of Urban Roadside-Tree Pool ++ LI Bei-bei, QIN Jian-ping, QI Li-rong, et al. (1031)
Particulate Component Emission Characteristic from a Diesel Bus with DOC and CDPF »+++ LOU Di-ming, GENG Xiao-yu, SONG Bo, et al. (1040)
Water Quality in the Henan Intake Area of the South-to-North Water Diversion Project ( )
Spatio-Temporal Patterns and Environmental Risk of Endocrine Disrupting Chemicals in the Liuxi River —«eeereeeseeseerenensinenennens FAN Jing-jing, WANG Sai, TANG Jin-peng, et al. (1053)
Fate and Origin of Major lons in River Water in the Lhasa River Basin, Tibet <+ ZHANG Qing-hua, SUN Ping-an, HE Shi-yi, et al. (1065)
Identification of Nitrate Sources and the Fate of Nitrate in Downstream Areas: A Case Study in the Taizi River Basin LI Yan-li, YANG Zi-rui, YIN Xi-jie, et al. (1076)

Sources,, Distribution of Main Controlling Factors, and Potential Ecological Risk Assessment for Heavy Metals in the Surface Sediment of Hainan Island North Bay, South China

................................................................................................................................................ ZENG Wei-te, YANG Yong-peng, ZHANG Dong-giang, et al. (1085)
Characteristics of Heavy Metals Pollution of Farmland and the Leaching Effect of Rainfall in Tianjin »+ XU Meng-meng, LIU Ai-feng, SHI Rong-guang, et al. (1095)
Seasonal Difference in Water Quality Between Lake and Inflow/Outflow Rivers of Lake Taihu, China »++-++-+++-- *+ ZHA Hui-ming, ZHU Meng-yuan, ZHU Guang-wei, et al. (1102)

Characteristics of Nitrogen Release at the Sediment-Water Interface in the Typical Tributaries of the Three Gorges Reservoir During the Sensitive Period in Spring —««+s«ssessesseeeesereneenes

........................................................................................................................................................................... LI Xin, SONG Lin-xu, JI Dao-bin, et al. (1113)
Spatial Distributions of Transferable Nitrogen Forms and Influencing Factors in Sediments from Inflow Rivers in Different Lake Basins -+ ZHOU Rui, YUAN Xu-yin, Marip Ja Bawk, et al. (1122)
Effects of Hydrological and Meteorological Conditions on Diatom Proliferation in Reservoirs «+s«+sssssssesresrssensenssmsenensinnencneinenne SUN Xiang, ZHU Guang-wei, DA Wen-yi, et al. (1129)
Vertical Distribution of Fungal Community Composition and Water Quality During the Deep Reservoir Thermal Stratification -+ SHANG Pan-lu, CHEN Sheng-nan, HUANG Ting-lin, et al. (1141)
Community Structure and Influencing Factors of Bacterioplankton in Spring in Zhushan Bay, Lake Taihu «+ceoeeeeereserenssinennniiins XUE Yin-gang, LIU Fei, SUN Meng, et al. (1151)
Characteristics of Sediment Oxygen Demand in a Drinking Water Reservoir +««sxtoveesessserssnensssnsniniininiiii SU Lu, HUANG Ting-lin, LI Nan, et al. (1159)
Effects of Wastewater Nitrogen Concentrations and NH,"/NO;™ on Nitrogen Removal Ability and the Nitrogen Component of Myriophyllum aquaticum (Vell. ) Verde «+ceeeerereeserensnenenen

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MA Yong-fei, YANG Xiao-zhen, ZHAO Xiao-hu, et al. (1167)
Effect of Nutrient Loadings on the Regulation of Water Nitrogen and Phosphorus by Vallisneria natans and Iis Photosynthetic Fluorescence Characteristics «+«+++«sssesseseesessensensenesenensenes
..................................................................................................................................... ZHOU Yi-wen, XU Xiao-guang, HAN Rui-ming, et d. (
Removal of Organic Matter from Water by Chemical Preoxidation Coupled with Biogenic Manganese Oxidation + JIAN Zhi-yu, CHANG Yang-yang, WANG Li-xin, et al. (1188

Treating Simulated Dye Wastewater by an In Situ Copper Ferrite Process —+«ereeessesseressenemenenenininininiisis e HAN Zhi-yong, HAN Kun, HAO Hao-tian, et al. (
MIAO Xiao-zeng, DAI Hui-wang, CHEN Jian-xin, et al. (1202

Experiment to Enhance Catalytic Activity of a-FeOOH in Heterogeneous UV-Fenton System by Addition of Oxalate -

Fabrication of a Biomass-Based Hydrous Zirconium Oxide Nanocomposite for Advanced Phosphate Removal ««eeeseeressessesseiensininennnn QIU Hui, QIN Zhi-feng, LIU Feng-ling, et al. (1212
Characteristic of Nitrate Adsorption in Aqueous Solution by Iron and Manganese Oxide/Biochar Composites ~ +++eseeseeseesesseseneen ZHENG Xiao-qing, WEI An-lei, ZHANG Yi-xuan, et al. (1220
Preparation of PAAm/HACC Semi-Interpenetrate Network Hydrogel and Its Adsorption Properties for Humic Acid from Aqueous Solution ~++++++++++ LIU Ze-jun, ZHOU Shao-qi, MA Fu-zhen (1233
Groundwater Arsenic and Silicate Adsorption on Ti0, and the Regeneration of Ti0, (

Removal Efficiency and Mechanism of Removal by Humic Acid of the Integrated Floc-ultrafiltration Process - »++ LI Wen-jiang, YU Li-fang, MIAO Rui, et al. (1248
Emission Tnventory of Greenhouse Gas from Urban Wastewater Treatment Plants and Its Temporal and Spatial Distribution in China ~ +++++++eeeee: YAN Xu, QIU De-zhi, GUO Dong-li, et al. (1256
Start-up and Operation of Biofilter Coupled Nitrification and CANON for the Removal of Tron, Manganese and Ammonia Nitrogen «++«++++:++++++++ LI Dong, CAO Rui-hua, YANG Hang, et al. (

Analysis of CANON Process Start-up with Fiber Carrier
Characteristics of Biofilm During the Transition Process of Complete Nitrification and Partial Nitrification
Effect of Intermediate-Setting Aeration on the CANON Granular Sludge Process in the AUSB Reactor
Effect of Organic Carbon Source on Start-up and Operation of the CANON Granular Sludge Process -+
Start-Up and Regional Characteristics of a Pilot-scale Integrated PN-ANAMMOX Reactor ZHOU Zheng, WANG Fan, LIN Xing, et al. (1301
Effect of NO,” -N Recycling Ratio on Denitrifying Phosphorus Removal Efficiency in the ABR-MBR Combined Process - LU Liang, YOU Wen, ZHANG Min, et al. (1309
Effects of Magnetic Fe;0, Nanoparticles on the Characteristics of Anaerobic Granular Sludge and Its Interior Microbial Community -+ SU Cheng-yuan, ZHENG Peng, LU Yu-xiang, et al. (1316
Characterization Composition of Soluble Microbial Products in an Aerobic Granular Sludge System «+-«+«+sxeseseesesrerreseenenenenininenens YANG Dan, LIU Dong-fang, DU Li-giong, et al. (1325
, LIANG Yu-ting, et al. (1333

GU Cheng-wei, CHEN Fang-min, LI Xiang, et al. (1272
ZHAO Qing, BIAN Wei, LI Jun, et al. (1278
CHENG Shuo, LI Dong, ZHANG Jie, et al. (1286
LI Dong, WANG Yan-ju, LU Yu-feng, et al. (1294

Influence of Ciprofloxacin on the Microbial Community and Antibiotics Resistance Genes in a Membrane Bioreactor -«+:«+x«+s+ssssesessesseseens - DAL Qi, LIU Rui
Analysis of Low C/N Wastewater Treatment and Structure by the CEM-UF Combined Membrane-Nitrification/ Denitrification System -
++ XING Jin-liang, ZHANG Yan, CHEN Chang-ming, et al. ( )

Effects of Phosphorus on the Activity and Bacterial Community in Mixotrophic Denitrification Sludge «+«+«+eeseereeseseeree +* WANG Pei-qi, ZHOU Wei-li, HE Sheng-bing, et al. (1350)
XUE Song, ZHANG Meng-zhu, LI Lin, et al. ( )
Diffusion of Microorganism and Main Pathogenic Bacteria During Municipal Treated Wastewater Discharged into Sea +++ XU Ai-ling, NIU Cheng-jie, SONG Zhi-wen, et al. (1365)
)

)

)

Acclimatization and Community Structure Analysis of the Microbial Consortium in Nitrate-Dependent Anaerobic Methane Oxidation

Oxytetracycline Wastewater Treatment in Microbial Fuel Cells and the Analysis of Microbial Communities «+:«+ssstsveseesserssnesnsesenns YAN Wei-fu, XIAO Yong, WANG Shu-hua, et al. (
JIANG Ye-feng, ZHONG Shan, LI Jie, et al. (1386
WANG You-qi, ZHAO Yun-peng, BAI Yi-tu, et al. (
Response of Soil Enzyme Activities and Their Relationships with Physicochemical Properties to Different Aged Coastal Reclamation Areas, Eastern China «+«+essssserseeeesenenseninienennnes
.................................................................................................................................................................. XIE Xue-feng, PU Li-jie, WANG Qi-qi, ef al. (1404)
Distribution, Sources, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Soils of the Central and Eastern Areas of the Qinghai-Tibetan Plateau «+«+++«+eseesess
........................................................................................................................................................................ ZHOU Wen-wen, LI Jun, HU Jian, et al. (1413
Source Apportionment of Heavy Metals in Farmland Soils Around Mining Area Based on UNMIX Model LU Xin, HU Wen-you, HUANG Biao, et al. (1421
Stahilization Effects of Fe-Mn Binary Oxide on Arsenic and Heavy Metal Co-contaminated Soils Under Different pH Conditions FEI Yang, YAN Xiu-lan, LI Yong-hua ( 1430
Concentration and Distribution of Novel Brominated Flame Retardants in Human Serum from Three Chinese Cities +++x+sseerreerenssnneens WANG Qing-hua, YUAN Hao-dong, JIN Jun, et al. (1438

Spatial and Temporal Variability of Soil C-to-N Ratio of Yugan County and Its Influencing Factors in the Past 30 Years

Spatial Heterogeneity of Soil Carbon and its Fractions in the Wolfherry Field of Zhongning County = «++«+sessesseeeneesesneneens




	mian+ml.pdf
	改面.pdf
	zl.pdf


