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Distribution and Burial Characteristics of Nitrogen Forms in Sediment of

Dianchi Lake During Last Century

WU Ya-lin', LI Shuai-dong', JIANG Jun-wu', SHEN Yin-yin', HUANG Chang-chun'*?*, HUANG Tao'",
YANG Hao', YU Yan-hong*, LUO Yu*
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Materials Cycling and Pollution Control, Nanjing 210023, China; 4. Kunming China International Research Center for Plateau Lake,
Yunnan Institute of Environmental Science, Kunming 650000, China)

Abstract: In order to analyze the composition, distribution and burial characteristics of nitrogen in sediments of Dianchi Lake in the
last hundred years, 6 sediment cores were sampled in July 2014 to determine the contents of different nitrogen species and sedimentary
age sequence. The integrated results demonstrated a high content of total nitrogen in sediments ranging from 1263.68-7 155. 17

1

mg-kg ™. The contents of nitrate nitrogen and ammonium nitrogen were low, which were 10.00-144. 00 mg-kg ' and 9. 20-146. 50
mg-kg ™", respectively. Organic nitrogen was the main component in the sediments, ranging from 255.80 to 5 644.25 mg-kg™",
composing a large average percentage of 91.26% . In addition, the nitrogen pollution of sediment in Dianchi Lake has reached a high
level and is becoming serious since 1970s, which surged in the late 1990s. The spatial difference of total nitrogen was obvious, with
comparably the most in the south, less in the north and least in the center. The average deposition rate was changing from 0. 092
g-(em’-a) 7' 100.187 g-(cm®+a) ~' in the last 100 years and increased first, then declined, finally showed a slight upward trend
over time. The burial rate of total nitrogen in sediment increased over time and almost grew up straightly after 1990, which decreased
from the south to the north of Dianchi Lake in space. It was estimated that the reserves of total nitrogen, organic nitrogen, nitrate
nitrogen, ammonium nitrogen in the sediment were 92 139. 15 t, 86 745.62 t, 2464.16 t, 2929.37 t, respectively, from 1900 to
2014.
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Fig. 1 Location of sampling sites in Dianchi Lake
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Fig. 3 Vertical distribution of TN in sediment of Dianchi Lake
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Fig. 4 Vertical distribution of inorganic nitrogen in sediment of Dianchi Lake
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Table 1 ~ Contents of different forms of nitrogen in Dianchi Lake/mg-kg ~'
T H DC-11 DC-14 DC-19 DC-24 DC-26 DC-10

FHIE 2816. 64 2438.11 1266. 85 1876.27 1 646. 20 3642. 66

B RME 6264.37 4798. 85 2959.77 3649.43 2.854. 41 7155.17
/MY 795. 02 402. 30 421. 46 622. 61 354. 41 574.71

SFHE 64. 00 51.19 66. 92 19.92 41.52 56. 50

filSA I P NIE 84. 00 144. 00 120. 00 32.00 94. 00 120. 00
e /ME 40. 00 16. 00 10. 00 10. 85 10. 00 32.00

S 96. 06 78.27 42.40 62.59 30. 30 45.58

BA kAl 146. 50 114. 50 83.50 142. 00 78. 50 66. 00
/MY 60. 00 44.50 13. 00 9.20 10. 63 10. 50

S 2567.97 1792.37 1128.54 1794.38 1574. 86 2388.83

AHYLA FRME 6 140. 37 2989. 82 2848.27 3565.43 2752.41 5789.23
/MY 595.52 255. 80 293. 96 569. 00 297.78 431.29
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Table 2 Variation of sedimentary nitrogen burial rates before and after 1990s in Dianchi Lake

AL fi 8] DC-10 DC-11 DC-14 DC-19 DC-24 DC-26 ST-HIH
TN/mg- (em? -a) ! 90 4R 0. 569 0. 640 0. 650 0.314 0. 484 0.297 0. 492
90 AFARHT 0. 195 0.155 0.296 0. 143 0.205 0.112 0. 184
R g (em? -a) ! 90 AFAUR 5.407 6.672 11. 641 15.137 4.102 7.408 8.395
7
90 4-AXHT 5.992 6. 654 7. 660 12.315 3.238 4.080 6. 656
AE
SR g (et -a) ! 90 4R 4. 606 9.344 11.671 2.530 15.215 3.887 7.875
90 AFARHT 4.803 10. 352 14.306 11.722 8.321 3.661 8. 861
TON/mg- (em? +a) - 90 4R 0.559 0. 624 0. 627 0. 296 0. 465 0. 286 0.476
90 “EAXHI 0. 184 0.138 0.274 0.119 0.193 0.104 0. 169




522 I A 38 %
TN fit/mg-(cm?-a) ! TN ft/mg-(cm®-a) ™! TN B fit/mg-(cm?-a) !
0 03 06 09 12 0.1 0203040506 0 0.2 0.4 0.6
T T 1 1 T T 1 T 1T -1 1 1
2020 |- Ak A———A oy ah——A A———h
A
2000 |- £ Sl Yy P
A £ Akt g A
1980 |- & ' . 4 g
4 2 i 4 £
& 1960 —f N :A ‘: 3 ‘\*
£ a0 | £ e 4 1 4 n
A A f
1920 -4 4 £ I I
1 ? i
1900 —I l
1880 |- DC-10 I DC-11 DC-14 DC-19 DC-24 DC-26
I R T E—— | I N S S E— 'S S S I — -
0 02 04 06 08 0 0306 09 12 0 0204 060810
TNHURE it /mg-(cm?a) ™! TN{LBHE fit/mg:(cm?a) ™! TN{LBE fit/mg: (cm?a) ™!
Es5 HtiaETrHnfEs
Fig. 5 Annual average TN burial rates in the sediment of Dianchi Lake
P,90 AR5 TN TUAH 553511 90 4EARHETIY 2. 67 o
A1 2. 82 4%, TN HLECH: 7T 1A35 151. 89 1; YUBH e .
A S AR TR A 90 SEARHITR e AR B, 12| a-TON 108
DUBLE 3600 0. 889 e« (em’-a) ' ML &N ERUE go
N =) . NS = 406 =
563.00 . AR UUBLE HAE 90 AF AR S B/ 5 8| -
o e s B
o HIREEH 504,37 1. ;% 6l fos B
2.3.2 WOLBUEH RS S >.///\ :
N N N d N ‘ N L A L
B YR TLR I 3 1h g 2165350 0. 101 ¥ | : 102 &
0.106, 0.176, 0.195, 0.194 F1 0.124 . . Rl . i flm‘ .
g+ (em’+a) "' AR R O AE AL 8 AL R R T DC-10 DC-11 D‘;;;%DC'W DC-24 DC-26
R AHTE I e 0 A 1 B e K DA . B
LR 45 T 75 28T B4 AR i 4k 25 D 237 D 6, B o Ho AAREEIANA
Epﬂ‘%ﬂiﬁ:*ﬂ% ':F‘ TN U_’Lﬁj\ﬁi EE T'%,éj I_ﬂ :Hﬁlg%’ffﬁ ’ 'ﬁ‘zﬁ: Fig. 6 Spatial distribution of nitrogen burial rates
TR IO 3R 23 (8] 3 A RRAE AR B . T A 1T AR 3 i

s, W AE AT DR B 18, DB GE & 4
0.419 mg-(cmz-a) “U 0. 205 mg-(cmz'a) IR
WA MRS 2 R 2 8] 73 A B AT FRUARAE, A
T 1 AR i ey, B T IRAIG i U A v R T L
RO e f ey, AL FR e AR, MR 4 ] R A YA
TR AR A BT T AT SR K] A S B i
KR TN P35 5535028 9. 14, 11,11, 4.66 Fl
5.53 mg-L~". JEHh R EBIAT IR 4T K R TN B i B
S 5 TR R B S T K G, HLAS T K AR A
A N ISR W kg X 5 UTER Y TN T
UM TRFIEA 35 B AHOCHE ; M R )R TR0l 2%
I BT EAERY BN, RE S i ik
JHEALA NO; , NO; 25 B SRAZ T AW, A
T m &8 A U0 AR A R DD AR i T L
a2

DUBU RIS Y RRAE

R 2 [ EPA DR B M Ar e 4t
FEY) TN > 2 000 mg-kg ™' F, WITA AL T 7™ 5 75 4Lk
A, EIbH 90 AR TFLG, DL TN SE34 & R
F2000 mg-kg ™", Ui BHVE AL F TG P AE R, 4
AEBHED | TEEP BT, B TR Y TN
Fop e R Uil = s i N S BT R
TRy v D B K I, L AT K AR T B R TR Y R
S0 AN S e ) A R N A T 2 5 DURR
H  TEFREE S0 5 AR UUAE I T AR A v 1 RUB PR CRE
R K, 0 RV R S R TS G
PR R 22— JE e S AR L B AR X, K
90 2 A IR e VT 3 AT PR I Y T
VIR B A S i, SR T R A

3.1



2 4 R AR IO AN R 25 R0 A S LR il 523

TR b B A0 L B IR X, 2 = Bk X R 3k T 75 K B
Tl K AR ML, F 30 T T 7K B Tl g2 ok v &
ARKEMANE DR, FBOE AT TR Y AT

KA | [RERAR T 26 ANt I KA
FEXFTHE TN i A 740 0T, KPR TN 2 [0] 43 A S AF
7. KU ETS Y S Eh AL R R U Y R
OB B S e 3R B > A6 > bl K ik
DU SRS G M R IEA — B0 DT 5K1K
BRI 2 5 R AR AT R TR HAT <R
31 R I D Y T I W R s e v 2| NS
T SR R K TR, X T UTRR Y A P sh VR A sk,
FEASILERUTRY) U5 (A VE FAAR te g SR sE el &g, &
FOKMARE TS Y10, 3% —HE 18 5 E0 5 R B
DA A T A4 ) (g F o 25 R — 2

TR 0TS 2 1 A TEL b K T Ak ) — S R
,TECHL K AR DA 60 4EARZE 90 AEARIK R4 E N 1T
KRN VIEE S VI AR5 0 2R
15 B BTN A3 K AR e i 285 & S 25 U A
5 VR AR AR 0. 7% , A T
42748 GDP (1 24% "2 3T 50 AER M TR &5
YLBEWNE , M\ 20 H40 90 AF AR T 4h I A4 |
Ab TR TS YOIRAS (8 2) , FIRE T 2 52 I i 7
T TR A5 el M 20 22 70 SRR IR IE
BIFAE 20 22 90 AR R . A if R B T
1970 ~2010 4FGE AR5, 434 45 3 /R R T b X
A A A 70 AT IR ASWTEE T JE A 1990 4F
Je HA P RE LT 2 R K, 3 5 U5 e 1)
FE R RS A 0. M 80 AEAR F I 4 , T3t 7 42K
v T 5 LA R, Al & R 4l LA
Alb o 3 AR SRS e T o kP e 8
7R, A 2000 ~ 2013 4F B B T 2080 il FH 8 R R 4
T, Al A 7= AR RE B4 it 6V b 35 G 1) BT Rk A
BT,
3.2 DU A S BT

LI RERTRAE Y/ R /0 S S ) B o S g
{20k KA B AN HERL ™, PR B P AR
Y HEME 2 9 LA B 45 b Sl AE 1 5 AR, AN TR] 1) /OR T
XA T VR b T AR A A ) RS [ b ) A [) B
fIE. SORAEL A % o5 R TR e K A V5 YL IR, L DR
FORTEAY 72. 7% 7, B AL S AT R B T EIRIX,
Z N RS T R, DI 38 T it T
TURLHCR e B B R AR, 1 SR T LA
KRBT B 20 Pk & e, W Ak gk AR pR , B 22

N

A

Eif]

TN/mg-L™!
o RAEs
1.13~1.63
I 1.64-2.13
1 2.14-2.63
o 2.64-3.13
I 3.14-3.63
I 3.64-4.13
B 4.14-4.63
. 4.64-512
Bl 5.13-5.62

E7 EtKkEZREZESH

Fig. 7 TN spatial distribution in the water of Dianchi Lake

100000
o
90000 | //\&

80000 |- A—A

/
A

‘/‘

60{]00 1 1 1 1 1 1 1 1
1998 2000 2002 2004 2006 2008 2010 2012 2014

4

U4 A S

70000 -

B8 EHAT 2000 ~2013 £ &AL FER
Fig. 8 Nitrogenous fertilizer application from 2000

to 2013 in Kunming City

TER PR & R T K AR 20 4D 70 AR R B E
B, UUKM Y T BRAE T, 3R TIF B A K, 90
AEARE B S TR, [ B TR N A S i
RALBIIE N, E AN N 5 5 9 3 2 WOSOR] i e
PLAE R RS, Mok — B 309 F 4 T 0B R 7% 7
T g A S b A L TR T 2 4

TE OR35S B P i G R N Y
RFEAE, T ORS00 L 256 T 2 B h e 1 L
TR AG , Ua B DR A U AR ) P 5 R Hh DL
PR PRAS B A 4 X} ) IE AR 9C 56 2R, 3 ] S5 DT AR
(AR DA B TR ) i b B RS 25 A . AR 9 W]
PIE 1, 1991 4F J5 B BT Tlk BB /K HE B 3% 7 R
%, Tl SR U8 A4 Z DT RS 2456, 2000 4F )5, Tk HE



524 A 38 &
ﬁj[[,j\&ﬁ%ﬂiif@ﬁ%ff&,ﬁﬁﬁﬁfﬁm{ﬁ$ﬁ%ﬁﬂqiiﬁ{ﬂ Fu G B, Li K R. Progress in the study on the relationship
1E 2000 4F 5 BRI MM ER B A% 1 1075 AR 7 e oo e e L

>eographical Research, s : -128.
N ; 2 2 ; WA >
+éj Egéﬁ,ﬁzﬂq ﬁﬁﬁﬁ.i@f@ /E[lg E’Jia j]ﬂ’{ﬂ"fEL#éE [3] XiaXH, WuQ, Zhu BT, et al. Analyzing the contribution of
%i&#ﬁ&,ﬂéﬁzﬁ,ﬂﬁ% ~37] . *Eﬁ%%ﬁ?ﬁzﬁ?ﬂfﬁ climate change to long-term variations in sediment nitrogen
ﬁﬁﬁz%i@%?ﬂ%ﬁﬁzﬂ_% ii}{%%*l%‘?ﬁ‘zmi%ék}i:jj sources for reservoirs/lakes [ J ]. Science of the Total
’ 9 Environment, 2015, 523 64-73.
S T A R 2 TR R S T A A P I, 55
7J(:F‘IE]ET1EJ‘ZE§LB/JUL$A {E({ﬂ/ﬂi\%ﬂiﬂﬂﬁiﬂf ! [4] LiuX]J, L ZB, Li P, et al. Changes in carbon and nitrogen
I S HY, i; T, 2] YR ESIDS 2 Ui 2y 1 with particle size in bottom sediments in the Dan River, China
QR PR ] S WNSSECESIPS N ORI AV E KN
,j—‘f,ﬂﬁj(’ ﬁﬁw%ﬁ%ﬁi%iafwxd‘/ﬁiiﬁﬁjﬁ% E(Jﬁﬂj:'ﬁ; [J]. Quaternary International, 2015, 380-381.305-313.
, . - . 5] BE, L, SR, & ISIERZ T AR K
=] 5] 7‘]\ IS H B % 4— ab T [ s B B
FHLILA T2 019 SR FA LA e L B TR, B DT
A TC LA LA B KAK 12% ~72% W il A 2305-2308.
mﬁ[%] ’E'ngﬂ(,fzigqqﬂg/f‘k%gg LB VLAY Lv C W, He J, Gao X D, et al. Spatial distribution of nitrogen
1$§£%§&ﬁ£ﬂ%iﬂ*ﬂigﬁ Jﬂﬁ,?’i/ﬁ\}ﬁ@ﬁﬂ g%/_:l:_: in surface sediments of Daihai Lake and its environmental
- PR — significance[ J]. Journal of Agro-Environment Science, 2007, 26
%W(Jﬁﬂ%ﬁﬁﬁﬁﬁﬂ@?ﬂ@ﬁﬁ (6) : 2305-2308.
60 (6] M, REZ, T4, % WOLERIUE RS
—— ek 1160 SRFEGERAE[A]. W 550 2 EREE RSB
4o | > FEME 140 LI S BT (RIS SBR[ C). bitg, P L2
g 23, 2011.
120 = T M S v b b Y Y

< r X (7 ZEBRR, G, TR, 45 WO RS b S 1A

2 100 100 ¥ AT ] BIEE, 2010, 22(5) : 633-639.

]-EI i 80 3 Li Y X, Xu X M, He J, et al. Point source pollution control and

& . 60 g problem in Lake Dianchi basin[J]. Journal of Lake Sciences,

H 2010, 22(5) : 633-639.
60 | 40 [8] FEmJy, iR, RER, & HbWEERALIR: kA
120 LEAASIRITTR C,q o 57C BOVERE[ )], WIAREE, 2009, 21
40 1 1 1 L 1
1970 1980 1990 2000 2010 (4) : 456-464.
A Wang L F, Xiong Y Q, Wu F C, et al. The eutrophication
- o process of Lake Dianchi: evidences from the 8'°C value of the
HY RWmhFRTEERTLEAHNE bound nC,, , fatty acid[ J]. Journal of Lake Sciences, 2009, 21
Fig. 9 Annual rainfall and industrial wastewater (4): 456-464.
discharge in Kunming Ciy (9] RTEHE, BT, R A YOLTTE R IR L2 A
B R [ J]. P EFEERAE, 2011, 31(6):
4 Hig 978-983.
el vy e . Zhu Y R, Zhang R Y, Wu F C. Geochemical characteristics and
(1){" {ﬂj‘ U-Li‘ R B =, ﬁ*ﬂﬂjﬂf%mﬁﬁ influence to overlying water of nitrogen in the sediments from
B . EMWIRYAIAS BRASENEIR NEM Dianchi Lake[ J]. China Environmental Science, 2011, 31(6) :
I > AL > 7 WA . 7%
AR I (107 A5 M REIR B o BB AE I 25 K I 5 B
(2) E L T FR ) R B A Sl 2L K 5 2% 14 T 1 [D]. W] RWIET A2 2012,
ORI B A iR (BN 1,287 mg- (em®-a) ™', TN H (1] EBs, XM, EUF, % A 8018 % M
%ﬂi&gz 139. 15 t, Wyﬁﬁﬁﬁrﬂ% E[ ﬁ—ﬁfﬂzi Ki\ W A LTI ) 40 A R AF B35 3 XL ﬁ%%ﬁ[]] "
— N Rl 2016, 37(12) : 4615-4625.
YELMh Y47 R y Vo UL R A Vo Yy
(3 ) {’E‘:{ﬁl UhLi\%ﬁ ﬂ:iﬂziﬂ {GK/U(‘Q“ s R I Wang S J, Liu Y G, Wang Yan, et al. Vertical distribution and
Y:E 70 45'54%52{%%/;}& , 290 EE}%EH ﬂ:tﬁﬁnﬁu , Ij;] %/fj‘ pollution risk assessment of sediments nitrogen, phosphorus, and
?—%‘%}%E@?ﬁ}iﬁ%gﬁ_ﬁ;ﬁngﬁ organic matter in sediment of inflowing rivers of Erhai Lake
. stuari land in wet and dry seasons [ J]. Environmental
B2 estuarine wet
‘ L Science, 2016, 37(12) ; 4615-4625.
WE[)]. HHEZER, 2010, 47(6) : 1180-1187. BE[7]. FHE, 1990, 22(5) : 258-262.
Chen Y C, Zhang D G, Tang L. Spatial and temporal variations [13] ASEH. K- E e s ek hEE )]
of ammonium nitrogen in sediments of Lake Dianchi, China[J]. W S 2Rk 1999, 16(5) : 296-298.
Acta Pedologica Sinica, 2010, 47(6) ;. 1180-1187. [14] T/, Wi, BHE, %, FIFA2Pb, ¥7Cs F2M Am 4%

HEN, 25k, SRR SRS REMUIEERI]].
HFEATSY, 2001, 20(1) ; 120-128.

WA A BRI R A ()], WA, 2010, 22
(1) 136-142.



2 4

REAREE ;AR AR BB ITRY) Th AN R 25 5003 A SRR AE 525

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Wang X L, Yang H, Zhao Q G, et al. Radionuclide dating
(*%pbh, ¥7Cs, ' Am) and modern sedimentation rate in Lake
Fuxian[ J]. Journal of Lake Sciences, 2010, 22(1) ; 136-142.
A, W, ESCRE, S5, JFRCIERHEIX2OPh, B4R CIC I
CRS HHABIA L[] HUERFL#, 2016, 41(6): 971-
981.

Wang F, Yang B, Tian L Z, et al. The choice of CIC and CRS
models of ?'%Pb,__, dating for Tidal Flat area[ J].
2016, 41(6) : 971-981.

skE, WA, TEISE, AF. VLI HUK TR = A 2P A A
FRAE SRR R T]. YUBAER, 2009, 27(4) ; 704-713.
Zhang R, Pan S M, Wang Y P, et al. Sedimentation rates and

Earth Science,

characteristics of radionuclide >'%Pb at the subaqueous delta in
Changjiang estuary[ J]. Acta Sedimentologica Sinica, 2009, 27
(4):704-713.

FUDE | SRERAE, GARAl, AF LB DU ZUB SR
WA ()], RIS, 2009, 18(4) ;: 1351-1357.
LuSY, Cai MM, Jin X C, et al. Spatial distribution of nitrogen
species in sediment of lakeside zone of Lake Dianchi [ J].
Ecology and Environmental Sciences, 2009, 18 (4 ). 1351-
1357.

SO, BT, TRE, A BRI S K Y A
PR E XSRS R R [T]. WA, 2011,
23(1) . 40-48.

Wen H, Cai J L, SuY, et al. Characteristics of periphytic algal
community and its relationship with aquatic environmental factors
in streams of Lake Dianchi watershed in wet season[ J]. Journal
of Lake Sciences, 2011, 23(1) : 40-48.

W, T35, LR, . HibRE DU A TS YARE
LA LRE I [T]. FREERIA:, 2015, 36(2) : 471-480.
Meng Y Y, Wang S R, Jiao L X, et al.

nitrogen pollution and the potential mineralization in surface

Characteristics of

sediments of Dianchi Lake[J]. Environmental Science, 2015,
36(2) . 471-480.

ZREOG, B T AR R R T e 0 U T L R R R
[J]. HiEk 5355, 2012, 40(3) ; 321-327.

Li Q G, Wang S L. Nitrogen and oxygen isotopic tracing of
nitrate pollution in the Dianchi Lake basin [ J]. Earth and
Environment, 2012, 40(3) ; 321-327.

ks, T3, &N, & =5 EREENEE Rk
WA MARFERETE [ 1], FREERL 224, 2011, 31(12):
2681-2689.

Ni Z K, Wang S R, Jin X C, et al. Study on the evolution and
characteristics of eutrophication in the typical lakes on Yunnan-
Guizhou Plateau[ J .
(12): 2681-2689.
McDowell W H, Asbury C E. Export of carbon, nitrogen, and

Acta Scientiae Circumstantiae, 2011, 31

major ions from three tropical montane watersheds[ J]. Limnology
and Oceanography, 1994, 39(1) . 111-125.

FEAML, 28, #0F, 5 BT ARIES R Z W
WRAFRAIELJ]. SRETRI, 2010, 31(4) : 946-953.

Wang S H, Jiang X, Zhong L X, et al. Seasonal occurrence
characteristics of different forms of nitrogen in the sediments of
Chaohu Lake[ J]. Environmental Science, 2010, 31(4): 946-
953.

FA, LM, T, & ORBEIR M IORY AR 2
T KA ARG R[], ARSI, 2011, 20(10) :

[25]

[26]

[27]

(28]

[29]

[32]

[33]

[34]

[35]

1523-1529.

Wang L, Li D L, Ding J J, et al. Relationship between N and P
contents in sediments and two emerged plants in Taihu Lakeside
wetland [ J ]. Ecology and Environmental Sciences, 2011, 20
(10) . 1523-1529.

TR, EWAE, BB, M FUBUUR N IR
WHE[J]. P EDKFDK R REDRTE B, 2005, 3(3) @ 229-
233.

Mao J Z, Wang Y C, Zhao Q M, et al. Preliminary study on
phosphorus release of internal load in Dianchi Lake sediment[ J].
Journal of China Institute of Water Resources and Hydropower
Research, 2005, 3(3) . 229-233.

BRI, R, aKREER, S BB TR R A R I A R
fERFSE[T]. L&, 2007, 39(6) ; 879-883.

Chen Y C, Tang L, Zhang D G, et al. Spatial and temporal
dynamic variation of nitrogen in sediment of Dianchi Lake[J].
Soils, 2007, 39(6) : 879-883.

BT, TRets, PRER, 5. U0 RIZ VIR B R
BRAE[T]. BIARLEE, 2016, 28(1)  75-85.

Deng W M, Xu X M, Chen CY, et al. Sorption and desorption
characteristics of ammonium in the surface sediments of Lake
Dianchi[ J]. Journal of Lake Sciences, 2016, 28(1) : 75-85.
RN, B, WAL, & HREMAMAERRA . B
PFHELT]. WHARLE, 2016, 28(5) : 961-971.

Yu LY, Yang H, Huang C C, et al. Characteristic of nitrogen
and phosphorous pollution in Lake Dianchi and its inflow rivers in
summer| J |. Journal of Lake Sciences, 2016, 28(5) : 961-971.
TERR, JPLL, BENTHr, 5. DT A P IR 5 R K
mEELJ]. PRSI, 2015, 35(1) ; 218-226.

Wang M, Yan H, Jiao L X, et al. Characteristics of internal
nitrogen loading and influencing factors in Dianchi Lake sediment
[J]. China Environmental Science, 2015, 35(1) : 218-226.
Ni Z K, Wang S R. Historical accumulation and environmental
risk of nitrogen and phosphorus in sediments of Erhai Lake,
Southwest China[ J]. Ecological Engineering, 2015, 79 ; 42-53.
SRB, HAAE BT DAL 204k 5K R 25 (B 454 7
TLA] W b E R RS DR 2 AR 2 IR R S b7
AW C]. R P ERESY 4, 2012,

ERAS, KRB, WKL, FAHCE 5P PRI R 0 E IR
Mz AR SRR ). MBS A BRR, 2011, 27(2)
92-95.

Wang J J, Zhu D Q, Zang S Y. Spatial variability characteristics
of lake sediments nutrients in the mid-west of Songnen plain[ J].
Geography and Geo-Information Science, 2011, 27(2) ; 92-95.
FNE, B, B, 5. OREE SRS Y B2 1P, F
EFRER IR ) 43 A0 FRAE MARSCHE AT [ T]. PRI, 2014,
35(7): 2565-2571.

Wang X L, Yang H, Gu Z ], et al. Vertical distribution and
relationship between 21%Ph__ activities and nutrients in sediment
Cores of two different lakes [ J ].
Environmental Science, 2014, 35(7) : 2565-2571.

L. FOlK BE B L Bia X R T [ T]. R IEF
2%, 2004, 23(S) : 97-100.

Zhu Y. Succession tendency of water quality of Dianchi Lake and

eutrophication level

prevention countermeasures[ J]. Yunnan Environmental Science,
2004, 23(S) : 97-100.
Dong X H, Anderson N J, Yang X D, et al. Carbon burial by



526 I A 38 &

shallow lakes on the Yangtze floodplain and its relevance to Lake over the past century; impacts of climate change and human

regional carbon sequestration[ J]. Global Change Biology, 2012, activity[ J]. Chemical Geology, 2015, 419 132-141.

18(7) : 2205-2217. (381 RFE, M, KT, 45 A HLEBEE BRI
[36] Houghton R A. Balancing the global carbon budget[ J]. Annual IAE FIEEEME( ], WARLE , 2010, 22(1): 1-7.

Review of Earth and Planetary Sciences, 2007, 35(1): 313- Wu F C, Jin X C, Zhang R Y, et al. Effects and significance of

347. organic nitrogen and phosphorous in the lake aquatic environment
[37] YuZT, Wang X J, Zhao C Y, et al. Carbon burial in Bosten [J]. Journal of Lake Sciences, 2010, 22(1): 1-7.

CRERZF) AERR

L. SRARRGE R A QI e s B, SCRE R SR T 5. & SO TS 0005 (% B 38 P s SCI 2 Je 225 30k ) . |1
FHRPEREG I | FEZRHLBOCH | bR-G VR H SR & 00 38 7Rk A b i B (7w 0 DU 3R ) . AR & S i o
ARG FR T2 (www. hiks. ac. en) TN, FENEIE 5005 LIAER B 0360 5%, # IR DT TH 465 t1 1 3 n 15 B AR R BT

2. FEPHEE GB 7713-87( BFEHORI A (A A0 SUMZE AR SO g 5 6 20) 22 RIS SRS | 8 SRR 43 HES I
Fe R 8 AR 44 s VR TSR Mkl g i) 5 th SCHG 28 5 SCHER] s h 143285 s SO 5 4 Itk 44 S BRr Y S 6 4% 5
SCHRBE ; SR 5 1E 3C BOE; 3% 3Gk,

3. IS H B SR ERS SR SO A, — O 20 5 /0 TR

4. WPOSCIRER T 300 F, LB ZAMRE . SN A AAEUT S TAEMW B 9 5 4R (46 4R ) ME5it, B a2 s
RANGEIS. S ST 5 SO0 TEREAFR IS AE S T 15, DMEHER Rk N 2.

5. HiE ELAE E A A ETAHE 2 A (51 SCRIAT) FiAs TAERY H 9 RESUR RS, BHE R R,

6. SCHEIFR N SR AT, A — NS P e i 4 3R5A  A v SOxf BB E . BRI K/ — 2, th el 7 BTHE, I b iy
FhE TS RN G R ZEER. R PRTE A5 LN S 1E 2

7. iR h AR N RIEAE T L) (SD) . 1R SO P B i B AR 5 3R, 0 mg (Z250) ,m(K) ,h
(/B 85 B 44 TRl ARTE B N3 S v VR PR3 4 R, SO — Uk i IR 75 1 B DS

8. SCAHAREIRM 1,1.1,1 1.1 BIB AR TS BE, 3 RELTFARET (1), (2) - TR JEH 2 BE.

9. SCHANSCFERE BTN AR OGS TERMA. A (R T 5 2 S RMA. 4 T UL N 25 b SO R, S S N 4
B S A FR AN G 1

10. RATFRBFORIRIIAZS 5 SCHR, TTAE 1 0T LA R . SClkag SCrb i B S5 WO gk, 0 ISR B S 6 0

BT AEE (P SCB S AHT) S [T WA AR B () - 1k o

B AEE. B M. HiRuh . o, 48 R - k.

SUWE AEH B A] W (In) Hi. SCEA[C. WL . 1 R (B ) 4R, R TT- 1T

FAORIARE . B[ D] R RAF AL AR

W& AEE. R SCA R MU RS AR

TR LRI LR [P LRI RS A H 1.

L1 SRR 30T B, VI — R 248 BT R A T AE SCF EAgmREoR MBSO Y. 76 3 A PERIBIA T e FlE 40
CIE RG] N

12, BT R BALTEAR ik, R Zh , B35S A%, R IR 5. i 4 1S R B M bl - b 57T 2871 546 5 R 20 < 100085 ;5 FL 3G
010-62941102,010-62849343 ,1’55\- :010-62849343 ; E-mail : hjkx@ rcees. ac. cn; FHE ; www. hjkx. ac. cn



HUANJING KEXUE Vol.38  No.2

Environmental Science ( monthly) Feb. 15, 2017

CONTENTS

Atmospheric Dry Deposition Fluxes and Seasonal Variations of Particulate Matter and Lead in Urban Beijing «+:ereseeeerereeesssienennnsiien YAO Li,LIU Jin, PAN Yue-peng, et al. ( 423 )
Pollution Characteristics of Heavy Metals in PM, 5 and Their Human Health Risks Among the Coastal City Group Along Western Taiwan Straits Region, China «+vextereeeeresersisssennenee
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Yan-ting,DU Wen-jiao, CHEN Jin-sheng et al. ( 429

CHENG Na, QIAN Guan-lei, DUAN Lian, et al. ( 438
MENG Jing-jing, HOU Zhan-fang, LIU Xiao-di, et al. ( 445
ZHANG Yu-xin, AN Jun-lin, WANG Jian-yu, et al. ( 453
YOU Xiang-yu, LUO Da-tong, LIU Zhan, et al. ( 461
ZHANG Xue, HU Ning, LIU Shou-dong, et al. ( 469

Correlation of Speciated Mercury with Carbonaceous Components in Atmospheric PM, 5 in Shengsi Region

Compositions and Sources of Summertime Dicarboxylic Acids and Related SOA in PM, s from Mt. Taishan -+
Variation Characteristics and Health Risk Assessment of BTEX in the Atmosphere of Northern Suburb of Nanjing

Inventory and Environmental Impact of VOCs Emission from Anthropogenic Source in Chang-Zhu-Tan Region

Characteristics of Methane Emission from Urban Traffic in Nanjing

Variations in Aerosol Optical Depth over Three Northeastern Provinces of China, in 2003-2014 «ereeserererersemenenenininennn ZHANG Chen-he, ZHAO Tian-liang, WANG Fu, et al. ( 476
Variation Analysis of Daily PM, 5 Concentrations Based on Boosted Regression Tree: A Case Study in Changzhou +-++sveeesessesesesnessennes GE Yue, WANG Ming-xin, SUN Xiang-wu, et al. ( 485
Characteristics of Mercury Emissions from Coal-fired Power Plants in Chongging ««+x«+sessesreresresenenssenenenennincnsneenns ZHANG Cheng, ZHANG Ya-hui, WANG Yong-min, et al. ( 495
Possible Sources of PCDD/Fs in Atmosphere of a Certain District in Guangdong —«++«+sssssssessersensenssnemensnsinin s FU Jian-ping, HAN Jing-lei, YU Xiao-wei, et al. ( 502
Sources and Pollution Characteristics of Antibiotic Resistance Genes and Conditional Pathogenic Bacteria in Concentrated Poultry Feeding Operations —«++eeseeseseeseersesseresenennsnisinenen
.............................................................................................................................................. GAO Min, QIU Tian-lei, QIN Yu-cheng, et al. ( 510)
Distribution and Burial Characteristics of Nitrogen Forms in Sediment of Dianchi Lake During Last Century WU Ya-lin, LI Shuai-dong, JIANG Jun-wu, et al. ( 517 )
Temporal and Spatial Variations of Dissolved Inorganic Carhon and Its Stable Isotopic Composition in the Surface Stream of Karst Groundwater Recharge «+«+sssereesesssserenennincnenenns

............................................................................................................................. Ll Ll, PU Jlln-bll’lg, Ll Jlﬂn—hong,el al' ( 527 )
ZHANG Jia-lei, ZHENG Bing-hui, LIU De-fu, et al. ( 535 )

Succession Pattern of Phytoplankton of Daning River in the Three Gorges Reservoir and Its Driving Factors

Response of the Water Quality of a Stratified Reservoir to an Extreme El Nifio Event During Summer «+«+++:xsseseeeeeessereeneeees QIU Xiao-peng, HUANG Ting-lin, ZENG Ming-zheng, et al. ( 547 )
Effect of Coupling Process of Wetting-Drying Cycles and Seasonal Temperature Increasing on Sediment Nitrogen Minerization in the Water Level Fluctuating Zone -
..................................................................................................................................................................... LIN Jun-jie, LIU Dan, ZHANG Shuai, et al. ( 555 )
Photo-induced Phosphate Release from Organic Phosphorus Decomposition Driven by Fe( Il ) -oxalate Complex in Lake Water «+-+- JIANG Yong-can, PENG Yun-xiao,LIU Guang-long, et al. ( 563 )
Preparation and Phosphorus Removal Mechanism of Highly Efficient Phosphorus Adsorbent Mg/AI-LDQ -#+seesessessesenessenneneens WANG Wei-dong, HAO Rui-xia, ZHANG Xiao-xian, et al. ( 572 )
Efficiency and Mechanism of Nitrogen and Phosphorus Removal in Modified Zeolite Wetland ++ WU Peng, LU Shuang-jun, XU Le-zhong, et al. ( 580 )
Repression of Nitrogen and Phosphorus Release from Lakeshore Sediment by Five Littoral-zone Plants -+ ** YAO Cheng, HU Xiao-zhen,LU Shao-yong, et al. ( 589 )
Simulated Desorption Kinetics of Lead by the Dominant Plant Roots Released Low Molecular Weight Organic Acids from the Water-Level-Fluctuating Zone in the Three Gorges Reservoir «+++*
HE Yuan-jie, LIU Jiang, JIANG Tao, et al. ( 600 )
Experimental Research of Hg? * Removal by Ti0,/Bentonite Composite - TANG Xing-ping, ZHOU Xiong, ZHANG Jin-yang, et al. ( 608 )
Impact of Ammonia and H,0, on Bromate and Disinfection By-products Control = «++++essesesssrsssesmesnsmenenneiniiene WANG Yong-jing, DU Xu, JIN Meng, et al. ( 616 )
Influencing Factors of Bacterial Activity in Water Distribution Networks -+ ++++ WANG Xiao-dan,ZHAO Xin-hua ( 622 )
Adsorptive Remediation of Cr( VI) Contaminated Groundwater with Chemically Synthesized Schwertmannite ZHU Li-chao,LIU Yuan-yuan, LI Wei-min, et al. ( 629 )
Characteristics and Mechanism of Hybrid Ozonation-Coagulation Process in Wastewater Reclamation —+++eseeseeeresssssnensininininninens HOU Rui, JIN Xin, JIN Peng-kang, e al. ( 640 )
Nitrogen Removal Effect and Conversion Characteristics of Nitrous Oxide in Single-stage and Multi-stage A/O Processes «+esseseeeeeees GUO Chang-zi, ZHANG Feng-yan, LIU Fu-yu, et al. ( 647 )
Nitrogen Removal Performance of ANAMMOX with Different Organic Carbon Sources GUAN Yong-jie, YU De-shuang, LI Jin, et al. ( 654 )
Operational Performance and Microbial Community Structure in a Completely Mixed Aeration System ** ++++ WANG Shuo, XU Qiao, ZHANG Guang-sheng, et al. ( 665 )
Start-up of Combined Floc-granule CANON Process and the Effects of SRT on Reactor Performance +++ SUN Yan-fang, HAN Xiao-yu, ZHANG Shun-jun, et al. ( 672 )
Effects of Free Ammonia Regulation on the Performance of High Solid Anaerobic Digesters with Dewatered Sludge DAI Xiao-hu, HE Jin, YAN Han, et al. ( 679 )
Highly Efficient Bioflocculation of Microalgae Using Mucor circinelloides ««+++++++++=++ssssessessessssssesnennsneininnsnssssnnens GU Qiong,JIN Wen-biao,CHEN Yuan-qing et al. ( 688 )

Effect of Zero Valent Iron on the Decline of Tetracycline Resistance Genes and Class 1 Integrons During Thermophilic Anaerobic Digestion of Sludge

Concentration, Sources and Ecological Risks of PAHs of Different Land Use Types in Shenfu New City ++ WANG Jing, LIU Ming-li, ZHANG Shi-chao, et al. ( 703 )
Compositions, Sources and Health Risks of Polyeyclic Aromatic Hydrocarbons (PAHs) in Surface Dusts from Driving-schools in a City of Henan Province, China ««eseesessesseseesenennenees

............................................................................................................................................................ CHEN Yi-nan, MA Jian-hua, DUAN Hai-jing, et al. ( 711 )

Remediation of Decabromodiphenyl Ether Contaminated Sediment Through Plant Roots Enhanced by Exogenous Microbes «+v+eeseseeeneevessnennens YANG Lei-feng, YIN Hua,PENG Hui,et al. ( 721 )

YE Xi-qiong, WU Man-li, CHEN Kai-li, et al. ( 728 )

LUO Lu-yun, JIN De-cai, ZUO Hui, et al. ( 735 )

)

)

)

Impacts of Bioremediation on Microbial Communities and Different Forms of Nitrogen in Petroleum Contaminated Soil

Effects of Rhodopseudomonas palustris PSB06 on Pepper Rhizosphere Microbial Community Structure

Effect of Reclaimed Water on Bacterial Community Composition and Function in Urban River Sediment ++:+eseseereereeresenenee DI Yan-ming, WANG Guang-xuan, HUANG Xing-ru, et al. ( 743
Effects of Different Vegetation Types and Reclamation Years on Soil Bacterial Community Structure in Reclaimed Mine Areas «++veweeesessesneeees HE Long, LI Yan-gin, LI Bin-chun, et al. ( 752
Characteristic of Abundances and Diversity of Carbon Dioxide Fixation Microbes in Paddy Soils — «+seeseererrerssenenenmssnincinsenennes LIU Qiong, WEI Xiao-meng, WU Xiao-hong, et al. ( 760
Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon and Its Components; Influence on the Composition and Properties of Humic Substances «:«+:«ssesseeesessesseneenees
............................................................................................................................................................ 7HAO Shi-xiang, YU Xiao—ling, 1 Zhong-hui, etal. (769)
Straw Composts with Composite Inoculants and Their Effects on Soil Carbon and Nitrogen Contents and Enzyme Activity +oveveeeeeereeeeses NIE Wen-han, QI Zhi-ping, FENG Hai-wei, et al. ( 783 )
Comparative Analysis on Effect of Wheat Straw and Its Biochar Amendment on Net Global Warming Potential Under Wheat-Maize Rotation Ecosystem in the Guanzhong Plain ~ «+++e+seseeeeeeee
.................................................................................................................................................................. CHENG Gong, CHEN Jing, LIU Jing-jing, et al. ( 792 )

Isolation and Identification of a Chlorobenzene-degrading Bacterium and Its Degradation Characteristics YE Jie-xu, LIN Tong-hui, LUO Yu-hao, et al. ( 802)
+++ TAN Wen-ho, MA Xiao-dan, HUANG Cong, et al. ( 809 )
Effects of Continuous Application of Sewage Sludge Compost on Heavy Metals Accumulation and Mobility Characteristics in Soil Profile and on Heavy Metals Uptake of Wheat «+++e+seeoeeeee
.................................................................................................................................................................. SUN Na, SHANG He-ping, RU Shu-hua, et al. ( 815)
Effects of Nitrogen Application on Selenium Uptake, Translocation and Distribution in Winter Wheat =~ «+eeoeeeseeesessssnssinneniiee CHEN Yu-peng, PENG Qin, LIANG Dong-li,et al. ( 825)
Accumulation and Biotransformation in Typical Freshwater Algae Species Influenced by Titanium Dioxide Nanoparticles Under Long-term Exposure —«eseeseereeesesenensenemenensnininennnnen
............................................................................................................................................................... 11 Jin-li, WANG Zhen-hong, YAN Ya-meng, et al. ( 832 )

Sorption of p-Nitrophenol by Biochars of Corncob Prepared at Different Pyrolysis Temperatures «+«+«++«+ssssessessersensessenensimminiensninninsnsnee MA Feng-feng, ZHAO Bao-wei ( 837 )

Isolation, Identification and Metabolic Characteristics of a Heterotrophic Denitrifying Sulfur Bacterial Strain -



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
= 2 Y7 3k 2z
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
o N 3Ry =
WM W OE W MW A
-
w3 ENVIRONMENTAL SCIENCE
( I;'JEJJ{?J‘N;J;;:C;: EETQ(ULT{E) (Monthly Started in 1976)
201742 B 15H #38% H2 Vol.38 No.2 Feb. 15, 2017
F & hEPFERE Superintended by Chinese Academy of Sciences
} s Rl 22 2 A ARIAIE TS s Sponsored by Research Center for Eco-Environmental Sciences, Chinese
* B R ERR B A ST L
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
i i ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
ED Rl 34T dtaiR B R ARG RS R Printed by Beijing Baochang Color Printing Co., Ltd.
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 s
RETS: e ERERLE RS 2-821
RERENS: O Tioi805/X = ISSN 0250-3301
B A E fir: 140.00 T ES&EITRS: M 205 02>

BRSNS FET

330172

|

97770250





