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Distribution of Nitrogen and Phosphorus in the Sediments and Estimation of the
Nutrients Fluxes in Longjinghu Lake, Chongqing City, During the Initial

Impoundment Period

PAN Yan-an'?, LEI Pei*, ZHANG Hong’, SHAN Bao-qing’, LI Jie'

(1. School of Environmental & Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. State Key Laboratory
of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China)

Abstract: Sediment cores from a newly formed urban lake (Longjinghu Lake in China’s Chongqing City) were selected to study the
vertical distribution characteristics of both nitrogen and phosphorus from the overlying water to porewater, and then fluxes of ammonia
(NH, -N) and orthophosphate ( PO} -P) from different areas of the lake were calculated using a one-dimensional transport-reaction
model based on the Fick’s First Law. The results showed that the mean ammonia concentrations in porewater of surface layers (0-5 c¢m)
was 6. 13 mg-L ™" +3.07 mg-L™", higher by a factor of 10 compared with that in the overlying water. While orthophosphate contents
tended to increase downwards, reaching a peak in surface sediment porewater, and then decreased in downcore, with a mean
concentration of 2. 01 mg-L ™" +1.05 mg-L™". Based on the porewater diffusion model, ammonia were released from sediments to
overlying water, which indicated potential internal nutrient releasing risk. Although the flux of ammonia in the “initial lake area” was
higher than that in the “newly submerged area”, the annual load contribution from the “newly submerged area” was 85% (3.95
t-a”'). Similar to ammonia, orthophosphate was also released from sediments to overlying water in the “initial lake area” , with the
highest fluxes in the former Longjinghu Lake and Longjingou Lake Reservoir, reaching 7. 89 mg+(m*-d) =" and 6. 13 mg- (m*-d) ™',
respectively. However, in a portion of the “newly submerged area”, orthophosphate in the overlying water was transported to the
sediments, resulting in negative fluxes ranging from —1.93 to —2.78 mg-(m*-d) ~'. The annual load of orthophosphate from the

-1

whole sediments was 0.357 t+a™", with 72% contributed by the “newly submerged area”.

Key words: nutrients ; flux; sediment-water interface; Fick’s law; porewater
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Fig. 1 Distribution of sediment sampling sites in Longjinghu Lake
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Fig. 2 Vertical distribution of NO; -N and NH," -N in the overlying water and porewater in the sediments from Longjinghu Lake
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Table 1 Statistics of nitrogen and phosphorus contents in the overlying water and porewater in the sediments from Longjinghu Lake/mg-L !

BE ik Min ~ Max LR Mean =S. D. Min~l\?/léf o Cm)fﬁi S. D.
X HKE nd nd (n=5) nd ~0. 08 0.02+0.02 (n=14)
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T 0.71 ~0.93 0.8220.11(n=5) 3.46 ~7.14 5.65+1.20(n=10)
e SR K A 0.70 ~1.32 0.97 £0.23(n=5) 3.05 ~15.59 8.98 +4.27 (n=13)
BRI 0.16 ~0.23 0.20 £0.03(n=5) 0.65 ~2. 64 1.62+0.56(n =14)
T S5t 3238 0.03 ~0. 04 0.03+0.00(n=5) 2.44 ~3.65 3.22+0.38(n=12)
PO}~ -P T 3E 0.03 ~0.19 0.07 £0.07(n=5) 0.09 ~1. 04 0.39+0.36(n=7)
PRV 0.29 ~0. 46 0.3420.07(n=5) 1.15 ~2.69 2.11 £0.54(n =10)
T VR 0.11 ~0.74 0.28 +0.26(n=5) 1.73 ~3.19 2.71 +£0.48 (n=13)

1) Min, Max Fl Mean 4351 278 ¥ BE 0 B/ IME . S KAERIEI4ME; S. D. 4 Standard deviations , FRUEM 22 ; n AGEITTFEARLL; nd KT 4 BR
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SRR B G KA R JU R DTRR Y -K A
AR 2 RE (E 2) . DOR S Rl o],
H KD R EIEARLEFRFAE 0.8 mg- L', AT
- KA LA  Z AR NS 4 mg- L' &
UREEHE I R M BE R 223, B AR 10 em AbAL
Bk rh R A R 16 mg-L~". LA LB K
NH," -NW& & £ 2 550 Y5 4K . AEWTER K
AN AR R IR T e K B T 5 A 2 R SR A
S IR 3 A DX 2 K TR T IR 97 A B
A TG A e DU A AL 5 (RIZ DO
AW N 8.9% ) , RIZWEWEGERZ , l FAEY
S3-fVE FH S T T 38 2 DR B, 25 50 T A
JRIREE A5 528 AVE B ., (1 R)ZFLIRK
FRIEN T ZNH, -NPS L S —Jr i, RIZTURY 5
TN (CLRANA R BRI . AR sh ) v]
B FBOR /3 NH, -NEEHOF#EA KR, 75—
B REARRZ DU FLER KN, -N& &, )2V
Pl E SRR RS, AR T RN A Z (N0, =N,
NO, -N) [[INH, -NAF RN & B AL, 77 A i 2 A3
MER A By 4B R TR 2 DU 32 0K 36
T SE RN, LR Z DU A AT NH, -N7E
TUR AT, BT 28 2 LA FL B /K NH, -N &7
HNTRZE . e K - BKFAFLEK
Hh S R B 3 A S AR S ALURRAE

X FEKFEE (0 ~5 em) TR FLBER KR
RS TG, SR 1. il FEKE A S
FHRAE AU 0,28 mg-L~" MM Hoe K B 55 78
0.7~1.0 mg-L™'Z[E]. £ 5EZ(0~5 cm) JLF
YLK h AW EE R 6. 13 mg- L™ £3.07
mg- L7 B FEKER LY & & 10 5. RZVIH

YL IR K S T 34 Wk B SR IR Ry T e B 1
1.84 ~3. 14 mg-L ™" 1 L EKAAE=ENO. 11 ~
0.67 mg-L~", W& PR A 2230 9 £, 5
IKPE K E R MR 0.97 mg- L™, HRJZ
DU FLBR K & A & (3. 05 ~15.59 mg-L™")
ot DIRRFLBRK g SRR R ORI T
AT G 0 — R 3 WR 8 | FE AR 53 ik RN R ) o
Vv 32 HoAR = N RE 22 [8) 4 S T i 24, i B
P FUURY b A ML R R Loy il e | ol R HE
TR RE B A DR R S A BT R A 0 R
P Sh R FmIK B 2 A W AR E A
PR 42 T 55 9 7K 2 R S 180 8 W X i T 3
X Sl N TR A2 38 I W (R J (3 ~ 4 a) |, UKL
Ptk /b A PL & B AR, T BN A
PRt b 78 K B LB K 2 & & S AR AR, T e e
KPR R A X, KB 3k 10 m DA E K 2%
PR F B, AL & B S (R YA
BLBIR 7. 7% ) , RIS SO AN e ™ 5, P L FL B
IR e b A8 K R AR A
2.2 DU -/K AU A 53 A AR

TS X TR FLBRK P IR B R SR T 1 5
ARFAE AR 1 Fe BN Je 1 R /0N, 78 R 2 FLBR K
ST LB ORI (1 3). LSRR b, H
P K IEBERR R R B 45 HE 0. 2 mg- L™, WULAW-/K
Gtk A BN ZFLBRK T IE B R v G
TRV R T S em b HIIEE, 5 2.6
mg- L1y 25 B TR BN, IE B IR R vk 1 SR
WA 7L R 10 em JE B THaE , AT 1.0
mg-L~". AR, VIR B A B i S DU
WA IR 25 1 B AT AR G W 3 VDA G A S A B 2
PR TEGURR X Bl 1) R B, DR SR 45 14 DI AT Bl 1 8 AL TOC

e HE/mg-L! e HE/mg-L7! e B /mg-L™! e HE/mg-L! e HE/mg-L!
0 1 2 3 0 1 2 3 4 0 0.5 1.0 1.5 0 1 2 3 0 1 2 3 4
20 & T T = T T T "y T T & T T Y T T T
Bl k k | |
10 —l = l —l l
| | | I
k3
M 5 - -
L \ L \
0 [ AE__?‘ E—  — Ere— L-_._._‘_L_ — .
e A At s =
= AC':\_‘ | K{ _1 | ““-ﬁ,: i /‘/‘
r,_:”" (6) RFHEW o A P
A . _._--""'—‘ " /‘
okt @BFRR| L 4 L | L (d) ¥l | WA (e) R FKE

E3 ZEWHNRYIALBKMN EBEKERBREERES S

Fig. 3 Vertical distribution of PO}~ -P in the overlying water and pore water in the sediments from Longjinghu Lake
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Ay,
=

U FLBRK Rk, BERRAR A T BESk H A L
PRAAREAR i UTR Y v i A RSk S A
AL Bl LA AR R A B 0 DR e T B K
B LT A Bk SR T IR L K T i
Bl , DTS 50 30 2 J2 /K v A gt 2 it 1 (L 38— TR
JE RS A R IR 2 VR R, B TR S A AR
TR (AT i PRl P AFLBRK AR L B
IK e R g

FRIE | PETE e 50K 1 K b IE B R
ok EH#T 0.2 mg'Lfl(%é 1), i, e 5 i
F A 1A K b I B R R Wk B A X AR, A R 0. 07
mg-L™" . 0.03 mg-L™'. FJZ(0~5 cem) fLEAKIE
PR 3 Wk B2 TR SR A T Ak 67 8 AN ) T 2 R 22
DO W AL B K OE 8% R kO ¥ Uk B Ol 2. 01
mg-L™" +1.05 mg-L~", J& 7K & & (0. 18
mg-L™" £0.17 mg-L™") 9 11 f%. e (A H B AE
TS0 320, FLBR K b IE B AR o8 K 94
I 90 % 5 SR/ IME KA, FLBR K IE B R i
Mk REOK S A, R XA B
SNSRI TR Y B 5 52, IS G 22 S ) Jo
JZ, U 2 6l 1 - AR X ARG, DA T i FL B K o
IRCA7E S e iR
2.3 EFRERYHOE a6 o DTk

A SRR TR - K A b, o 1 5w

K R AT, S TR T 1 4 e S R 5 e 1 B
Ao R E R R EME ST R NH, -NEDTH
Yy-7K S HCE 5 AR DTk T A R SR
2. A IR AR TR 1) B KR,
RV B e S5 W /K BT A7 A TS AE RE TR dh (A B
TR . JHL R v T8 IX R TS X A B = K
%, AL T 6.0 mg- (m?-d) ~', T B B AME TS Y
B e SV K | RS 0 A W IX = A
BOE R, 4K 47,19 mg- (m®-d) 7', 40.29
mg+ (m’-d) ~' JERFEDEAY HOE & 8 f5. et
2 X ALY HGE K/ 3R 5 TR TS e e
JEAH—B, T e s . R sl A
WS, HOR AKOK Bds 22 , i /K v ks ) 76 g 578 /K
JE | e A X AR X S R, 3 S X I UL
Wk Bk R 2, A AL & B (R )2
DRI A ML & 5250008 8.9% . 7.7% ) , LB IK
TR S R s TR B X (Wl | A
) DU By sk S, JEC 0 22 D 5 )23, V5 G AH
IR ALBR K S A & AR, X2 A AR B e BT
kLT & B, TR I X A T g ok e A R
0.592 t-a ™", B 15 DX 2 RUAF T Ao o ik it o2 3K
3.36 tra”!, (RN 85% , S N VR AR 1Y)
FEE TR XK, 3% T e 5 R s v X TR R S A
BRI (88% ) A1 K.

£2 REMTRARXENAYNH, NS HEERERTRHKE"

Table 2 Fluxesand annual load of ammonia at different areas of Longjinghu Lake through calculations using Fick’s Law

- D_ x10° de/ Ix VHGEE F m A AR faf DTk W
A K B R A5 ‘ i
DB LA IR Jem?-s! /mge(Lecm) ' /mg-(m?-d) 7! /m? /tea”!
LH-1 0.918 14. 8 1. 084 12.75 4191 0. 020
N LH-2 0.918 14.8 2.402 28.25 16 184 0. 167
e Sei W (LH)
LH-3 0.918 14.8 1. 390 16. 35 6954 0. 041
. LH-4 0.918 14.8 3.426 40.29 10 268 0.151
JRA WX
. HD-1 0. 809 11.5 1.818 14. 62 9558 0.051
ATE (HD)
HD-2 0. 809 11.5 3.372 27.11 7453 0.074
Je S KIE (LG) LG-1 0. 888 13.9 4.426 47.19 5152 0. 089
N — — — — — 59 760 0.592
Jo SHi =W (LH) LH-5 0. 830 12. 1 3.292 28. 60 78 303 0.817
A3E (HD) HD-3 0. 802 11.3 1.334 10. 47 53 340 0.204
KW-1 0.813 11.6 0.713 5.83 19 562 0. 042
. KW-2 0.813 11.6 0.315 2.58 17 629 0.017
JETS (KW)
KW-3 0.813 11.6 0.248 2.03 27 044 0. 020
SHTHE T X KW-4 0.813 11.6 0. 425 3.48 10 846 0.014
- 7J-1 0.824 12.0 3.528 30. 06 46 036 0.505
BXFIR(Z)) .
7J-2 0. 824 12.0 3. 963 33.77 68 194 0. 840
LG-2 0.832 12.2 1.576 13.79 35169 0.177
e 5ok E (LG
SRR (LG) LG-3 0.842 12.5 3.347 30. 42 64 761 0.719
N — — — — — 420 884 3.36
P — _ _ — — 480 644 3.95

1) de/ 9 Tl F BUEN TEF R E IR 8 W DLRR Y 1] _EBOKY 1, A 53R th_EBOK A SRR 18, TR



54 U B2 45 ;T P T el g S5t WD S A0 8 A D58 RO 0 A R B 3 i e 5 1733

MR 3 AIE e SR I X OTRR ) - /K B I
TEERR R I A e TTCAR Wy I H B /KR , T i)
T K e TR K PR I B B K, 43 R 7. 89
mg-(m’+-d) 7', 6.13 mg-(m’>-d) . THEEHE KX
TIEHE | VS B GO X IE B R AR I R 3R b
BOKIE DU P 8, Bl AR - 1.93 ~ -2.78
mg+ (m’+d) ~' 2[R X KK A TR, R TR
WK S BBl 23 B 22 | Ja i e ok 1 3R J2 B0k
WA & AR RIRE T /N T EA Y E i
L, DY 4 Tk E S TOHLR 4 1 I A
N FEA A, NI A B R e gem ™. Ry
BT 5 TR S AR Y R, WAk 2
7 XK b B B B RAE B B IR AR A
F Ak A R R 12 DK 3 o Iz B, A AL

T A R 2, oML ) FURE 1 53 I A 368 15 L
], FEARXT - G b R ZDURRIITE— 2 BT BN
Xt BB KR POLT PR AR M, DLEOR BT
ST, e S DU E B R 575 2 B0 DR
Yyim) ARG, IF W IR ER AF 17 1 DTRR B 0. 357
tea”", BT B R IXOAF BT DT Mk O 0. 257
tra”' THERER R 72%.

FHE 2, 3R 3 WAL, B I X 2 A FE Rk
P A AL, X AT AR 5 X 28 X TR Y 198 18
S A AN AR G, SR, TR
DX AR T 10 DX T AR 7 A, A AR v R Xy
PR % R Rl DT R 32 1) DX 8 (BT 4 v T X
A EBERER U STEREE 0 85% | 72% ), He
B I 2SIk T A A SOOI e 7 B SO T I — IX .

#3 EEBARRENRYPO; P HBEEF AFREE
Table 3 Fluxes and annual load of orthophosphate at different areas of Longjinghu Lake through calculations using Fick’s Law

. L D_ x10° dc/ O VHGEE F WA A AR A sTmkaE W
X 24 5 358, 4 i TR RS : R
DB DB A B R R @ Jem? s ! /mg+(Leem) ="' /mg+(m?-d) 7! /m? /tea”!
LH-1 0.918 5.16 1. 158 4.74 4191 0. 007
o LH-2 0.918 5.16 0.963 3.94 16 184 0.023
Tl 3 (LH)
LH-3 0.918 5.16 1.930 7.89 6954 0. 020
X LH-4 0.918 5.16 1.614 6. 60 10 268 0.025
JEA I X
. HD-1 0. 809 4.00 0.300 0. 839 9558 0.003
Al3E (HD)
HD-2 0. 809 4.00 1. 306 3.65 7453 0.010
o Sk IE (LG) LG-1 0. 888 4.83 1. 654 6.13 5152 0.012
/N — — — — — 59 760 0. 100
oS EW(LH) LH-5 0. 830 4.21 1. 404 4.24 78 303 0.121
JAl3E (HD) HD-3 0. 802 3.94 -1.018 -2.78 53 340 -0.020
KW-1 0.813 4.05 0.743 2.11 19 562 0.015
. KW-2 0.813 4.05 0.210 0.597 17 629 0. 004
JETE (KW)
KW-3 0.813 4.05 -0.678 -1.93 27 044 -0.019
TG I X KW-4 0.813 4.05 0.477 1.36 10 846 0. 005
HER(2)) 7J-1 0. 824 4.16 -0.842 -2.50 46 036 -0.042
51
7J-2 0. 824 4.16 0. 480 1.42 68 194 0.035
LG-2 0. 832 4.23 1.025 3.12 35169 0. 040
T S 7K (LG
HHKPE(LG) LG-3 0. 842 4.05 1. 564 4.94 64761 0.117
/NG — — — — — 420 884 0.257
At — — — — — 480 644 0.357
2 -1 N S N ==
3 s 6.0 mg-(m”-d) ,ﬁﬁﬁﬂgﬁ%(@ﬂ(}—éﬁﬁ*fﬁﬁ
Zhte

(1) Je sei TR -7K 5 T 28 A 2 ) i b 5
B RS RIZFLB P EAEE R 6. 13 mg-L™'
+3.07 mg-L~'J& BB &R 10 15 I8
iR A3 B 531 R e 1S K0/, LK i e AR R
WelEHy2.01 mg-L~™' £1.05 mg-L™", & FAEKFEL
SR

(2) A XU Y A R I U ) 1]
BB FrIEE X ESEAY HoE KT

WA 47,19 mg- (m?-d) ~'. JEA W K EBERR £
FI R I UCRRY ] b B KRS, B HGE = AT DL S
W W R, 4 7. 89 mg- (m*-d) ~'. THT G B IX
T | PRV IR R R K M DU, B
WEHRN-1.93~ -2.78 mg-(m*-d) "

(3) B A IX 2 A A g7 ot Bk R 3,95
tea ! HTHEWE B X BTER Ol 85% 5 IEWERRERAF 11
i GTHK B 0. 357 t-a™' B BE W X TR RN
72% .
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