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Distribution and ecological risk assessment of nutrient elements in surface
sediments of Jianxi Watershed in northern Fujian

YE Hongmeng'” YUAN Xuyin'>™ LI Guoping' WAN Jie® XU Jian®
(1. Fujian Provincial Key Laboratory of Eco—Industrial Green Technology, College of Ecology and Resource Engineering
of Wuyi University, Wuyishan, 354300, China; 2. College of Environmental, Hohai University, Nanjing, 210098, China)

Abstract; This. study.investigated the distribution and ecological risk of nutrient elements in the
surface sediments of Jianxi watershed in northern Fujian in order to clarify the sediment
environmental status of the upperstream of Minjiang River. The contents of organic carbon (TOC) ,
total nitrogen (TN) and total phosphorus (TP ) in the surface sediments were considered, and the
single factor pollution index was employed in the risk assessment of sediment environment. The
interrelations of carbon, nitrogen, and phosphorus in sediments and their environmental significance
were also discussed. The results showed that the average concentrations of TOC, TN and TP in the
sediments were 3.05 %, 1858.05 mg-kg ' and 624.68 mg-kg ™', respectively, which are considered

as harmless for most of aquatic organism. There were some potential ecological risks for benthonic
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organism with 2.0—5.8 of TOC, 2.3—4.4 of TN and 0.4— 1.7 of TP using the ranges of single
factor pollution index. In addition, the average values of elemental ratios (TOC/TN was 16.9, TOC/
TP was 53.7 and TN/TP was 3.2) indicated that nutrient elements in the sediments of Jianxi
watershed were affected by the exogenous and endogenous inputs. The output of nutrients from
forestland was a mian reason for the accumulation of nutrients in the river sediments. Overall, TN in
the sediments of Jianxi watershed showed the highest ecological risk for aquatic organism and was
mainly affected by non-point sources in the watershed, but TOC and TP in the sediments only
exhibited slight risks. Therefore, it is urgent to implement the investigation of the nitrogen pollution
sources and strictly control these pollution sources so as to reduce the ecological risk of nitrogen in
Jianxi watershed.

Keywords : nutrient element, surface sediments, ecological risk, Jianxi watershed, upstream of

Minjiang River.
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R W Z AN A RH G ZR B L BRI 7 S, DA N A PN 2 R TR R 8 TR0, fle o U K A4 A
BB G 2 IS R 5.

1 #E5S 7 ( Materials and methods)

1.1 s KR

ARG TAR A M - IX , S AR 16396 km? , 24 (5 ) VL 38 I ARG 27% (3% i 1 2
BH T3 AR BORT B R F A 7 A B A% R W A 2R R X AR A [ R A 1600—2000 mm.
AR ECIR K &, S BHIR IR AN IR = KOK IR A, &K 294 km, F R 2N
155.9 /2 m® AR R vb ok 158 J7 M ] 18 S 245355 [ 0.8%0. AR PE 7 45 H. 17 X 2015 ARS8 HH4E %, 1% i
AN B2 157.3 T, NOBEZA 95 A ~km ™23 10 4538, Sk B2 AL T Hraefa i Ko A
PRV A 3 (A5 Ge gl m A lk Aok, 50N Al 4 i 4 Je. ek Y = R 2R AL A Sl 55 4, B2 IR
AR T3y 3 HAR Ay R b AR HG At 288 Y.+ 3R DA AR i o FED ot JE U 2158 v S AT K R -
1.2 FRELCREE

2016 4 10 H (F3) W ERE R N AUKFIHEK R TR A 454 % 18 R HES O W R
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PP A 25 50 A R 10 3k B PR 300 T 10, 7 0 3 A e 28 e AN B B S A TR A U 55 A B AR
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Fig.1 Sampling sites in Jianxi watershed

1.3 AR AL R 5

PR A R TTRR YRR S 2385 KR AR R AR TN HLS | 40 2 A5 T 09 2R 0 7T 4% B 90 R Hh I F A
CG5 18 [ 5L 5 AR s T T BAGE XU 5 ARG R R b s | itF— 20 ] R 0k
A V5T SRR A2 BT, PR T4 e B — 2 it A DU I R T IS3 T  rh R R P B 92 100 B JE e i,
i ™ RO A .

DURR R it FEAPE T A 65 pH R A ALK (TOC) B (TN) BB (TP) , H pH SR
(K =1:2.5) R BEAH B 9L [ 5 /R SCALES 2 7 1) Mastersizer2000 i8R BEAY , 8 38 W T A8 HLBK
(TOC) >R FHE SR TR AP A5 fi ik, BVAU (TN SR FH bt R 4 A Ak, Sl (TP ) 4900 >R FH AL 1R - e S PR T 7 -
FBRPL LT S T AR UESE IS5 R AAE B, RSt RIS 3 AP A R S b A 7 B 50 SE 0, T AR 45
A 22 /N 5% B 3 205286 B 3 S Ge T HE.

L4 BN T i

H A A PR TR A L S VEL B S IR IT R B A A KU PR TS — B AR E R T
2, E A A T2 B S 5 TN K2 K A8 5 RIS (1992 4F ) Tl g 1Y PR B T 2 PP 48 m
WEEAT 10 B TR I AR B P AN XA ik AT 00, E2 4 [ N 2 A58 TR 02

KRAXFREN. P.=C/ C.

Kb, PO BRTPEN FE BRI HEEL, C N PR BT @ I SEINE ; € RPN BT BTN bR ifE(E (R A
TR KW AR Tl B PR 5% 5T £ VT b 9 T %) 22 4 0 35 37 K1 . TOC (TN TP ¥k B FRAEL 43591 R 1%,
550 mg-kg ™' F1 600 mg-kg ™) . — AL IEFEEUE P, 1) K/ INKE TP AU SE R A5 R 40 U2 . 1 BB
(Pyoc< 1,P< 1,P< 0.5); TRFRBEEGY(1<P<5,1<P<2,0.5<P,<1); MEFRTEF
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Pe(5<P.<10,2<P<3,1<P,,<1.5) ; NEFREETGI(10< P, ,3<P,,1.5<P,) .
1.5 Hdlabg

DU E SR 00 R B B R AT AR DGO R SR G T IBM SPSS Statistics 20.0 #E17, 2%
FEE 21 % Corel DRAW %458 k.

2 ZEHL 59598 (Result and discussion)

2.1 VBB IR ITR & oA Rk

DURRA A AL I 45 R R W, B S TR R AR pH (B L R 4.50—6.30, R . X 5 3K El
J7 A M A R R A — B ORLAR A AR Y IS B R B KL (<0.002 mm) [ 4.36% , #3 AL (0.02—
0.002 mm) 4 64.50% , Bb K7 (2—0.02 mm) K 31.18% , B&AKMHIS L IURE 5 T 55 5 , 5 24 bk i 78 35 R 1 K
R SN i A Pep Rt

F VIR T E#BE T = RS S I i OB B 3R D0 2R & i 0 . N At DR B 3R e R
Er ARG, TOC S KN A U A+ 52 PR ST TR SR S HR T TN 237 R AR > T &
>ENE T >SE P ;TP 2045 R R T ISR > T R > 52 BRI b S2FHE RS TOC & AR X f  , (H
TN 5 TP AAHRTEAR, /] WITARYIAN ]S TR0 2 i 50 A 7E A T i AN R — B0 X 5 AN R it 22 5= ) 1= 458 4
AR L MR 2SR A S5O0 Ry N R R B IR RS Al e IR B TR R A A A )
i oKk F B PR S Lr A R 5 (AR A G i — 2 IR

AR, @B RS ILARY TOC, TN 1 TP 1 & & 75 BRI K. 1.96%—S5. 75% , 1268. 70—
2421.17 mg-kg™",264.01—1045.40 mg-kg™" , XF N {E N 3.05%+1858.05 mg-ke ™' F1 624.68 mg-kg™ , 4570
RIE SR T INE R KA i 1 P58 0T D Ao o X g 1) 28 4 G ik B B A, (H e R AL A R
TE MR AR LG Bl (TOC TN TP ¥ 73514 1%—10%., 550—4800 mg - kg™' il 600—2000 mg-kg™') I,
FORATIVTRW O 2 FH TR (B A ) 15 4 A0 Z UM A= 1] 7k sz

R RRERBEIURY E IR TR S B

Table 1 Distribution of/the nutrient elements in sediments from Jianxi watershed

[P FK River name T H Ttem FORME Max.  F/ME Min.  FX{E Mean  FRifEZE SD CV/%
TOC/% 5.66 2.41 3.63 1.21 33.2
£2[1% Chongyangxi TN/ (mg-kg™) 2310.57 1268.70 1768.68 386.82 21.9
TP/ (mg-kg™") 891.59 382.85 510.32 173.76 34.1
TOC/ % 5.75 2.10 3.43 1.18 34.5
I I% Nanpuxi TN/ (mg-kg™") 2421.17 1307.06 1913.90 446.17 23.4
TP/(mg-kg™") 823.65 264.01 653.51 197.10 30.2
TOG/ % 3.45 1.96 2.63 0.50 19.1
FAE Songxi TN/ (mg-kg™") 2407.95 1381.32 1924.08 327.52 17.0
TP/(mg-kg™") 1045.40 500.56 670.37 192.67 28.7
TOC/ % 2.70 2.04 2.41 0.24 10.0
HIZ Jianxi TN/ (mg-kg™") 2173.58 1609.10 1819.05 219.36 12.1
TP/ (mg-kg™") 935.54 405.27 672.49 195.20 29.0
TOC/ % 5.75 1.96 3.05 1.04 34.1
A Total TN/ (mg-kg™") 2421.17 1268.70 1858.05 365.75 19.7
TP/(mg-kg™") 1045.40 264.01 624.68 201.61 32.3

EAWFIHRGE , VLI CHR TR TOC TN Al TP 95 &35 K IR N 1 2.09%—2.73% , 1564.24—
1808.15 mg-kg™",607.91—807.60 mg-kg™", Xt N #I{H H7 2.43% . 1686.00 mg-kg ™' F1 726.29 mg-kg ™' . #
Pl &, B R Y B FR 0 R & i R gl R B R X — @ PR B b 5 R R A e I S
% TOC TN 2 B 5 T M VT D YUY TOC TN ¥{E {5 TP ¥{EMR T )5 # TP ¥(E , XR it 5%
ANFGE X 22 5 08 1 A O 2 B N2 3l 0 B O v R i 3 AR AR 55 R s 77.4%, AR
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BRI 11.4% 1 ] T3] 11 2 v ) 4 i 9 s LA 3 (8 ety 1 7 N R T e, A
0 Bl 1 BE R A SR ZL A ST W, TOC A1 TN FEAS[R] A o 1] S0 1% - 338 v 35 i K/INHE R A < bR > B
SHRS L TP WIFE bR &t fe /D S e ey 5 HL R MRS 0 22 57 B3 R AR RN A
ARHL > 1 2 (B SR AR A ) > IR M R I, R AR A sk ARy T A 4
TOC F1 TN F i 3k 55 5, TP B 5 R, 938 It b b+ By s ) SR 0 fL, W Bl e 0 4 59 , e
e AT L A et R At A e ) A D T [ 3R] 3 30 1 A
2.2 DIBRWIE ST R A S KA

Rtk — 20 T A T IAN R I TR 3 5% 00 3 A A AU, WP B9 IX O R A i 2R A T 1 B A
TS YAEHOTA G55 03 2. 38 2 AT, TOC WY B A5 3R BB FE Dl 2.0—5.8, Horb B T S FHIE N
FELSA 1 DNUUEIEES TOC B 5P 5 Ye KBS S 0ok TN, HoAthRE o T4 ( T R iR g is o, K
FEAE T ERE SV B 91% ), BEAS R 52 BE TS g PR it 5 R B, VL) F AR Y b TOC i Ts 48 8 T
2.2—2.7 FEfh A e TG RN A &, BT _E R W s TR TOC AT Jieinl 11 2 e i o
15, AT BB 12 X v AR A O

R 2 BREESTURYE TR A S KR

Table 2 Ecological risk assessment of the nuirient elements in sediments from Jianxi watershed

TOC TN TP
LR/ R R s
River Name Sampling No. P. DR 45 4% P. IR S P. DR 2R
! Risk level ! Risk level ! Risk level
1 5.7 I 3.9 v 0.6 I
2 3.0 | 3.5 \Y 0.8 |
L2 PHE Chongyangxi 3 2.4 I 2.3 I 0.7 I
4 4.9 I 2.9 il| 0.8 I
5 3.3 | 4.2 1% 1.5 I
6 2.6 | 2.5 i} 0.7 |
7 3.6 | 4.4 v 1.2 I
8 2.1 I 2.4 i} 0.4 I
FEIHIE Nanpuxi 9 5.8 1l 35 v 1.4 |
10 3.3 I 2.5 1 1.3 I
11 2.3 I 3.8 v 0.9 |
12 3.5 I 4.4 \Y 1.3 I
13 2.3 | 4.4 v 0.8 |
14 3.1 I 2.5 1 1.0 ]
FAZE Songxi 15 2.4 Jif 4.0 \Y 1.0 m
16 2.0 | 34 \Y 0.9 I
17 2.5 | 3.6 v 1.3 I
18 3.5 I 3.1 v 1.7 I
19 2.4 I 3.0 v 1.4 i}
20 2.7 | 3.6 \Y 0.8 I
HHZ Jianxi 21 2.3 | 3.0 I\ 1.2 I
22 2.7 I 4.0 v 1.6 I
23 2.0 I 2.9 il| 0.7 I

TN 15 Y4850 T 2.3—4.4 7RSI i #0820 I 5 IV 9 JRURS: 45 2, FLrp T ke i 80 2 5 B R b 20
30% , V930 i 70% , Uk PR Z R A S R G2 AR TE Y™ 5 X 5 [ VT T OUERY) TN B KU A 45
(TGYFEEAN T 2.8—3.3, A MBIV ) FAIAF " S et [0 YT 348k TN V5 2 XU 325 ok 5 g ey, o I
W LA K A= (F553) Wi 2R 7K 7™ FR 58 FN 3 85 38 IR R AR TR S e 1 32 2835 L il (o A i 305 L
87.7%) , i N A BTG YL B SRR R0 0 15 45.8% ) e W 7™ 432 i Sl A A it fin Ao 2k 12 s e Ak
JRBEAMALFEARBEGE , 38 2 FERL R R BEA , Tk 25 A AL R 5 3 4 b o A T L0, 38 V3
Ji5 B B s YL A A

TP F8EGEFEIN A 0.4—1.7, 24 11 85 9 i A= 28 XU 3 9, Forb 11 AN FE S TR, B 20—
P TR i B SR BE AR T I E KA B i PE M A M & 2 R R B B KA A A & R A h
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FERONE AFFEIX U TP 15 Y8 BCEAR T I VT3 O (850 T 1.0—1.4, % A M) ) x5 F e/ Hrtl
—3.

BAKNS , DB & B R T RS KT SR e R A P B 27 HER TR
AR TN B A S XU T, TP TOC By KU 41K
2.3 UIBRWIE ST E HE T

WFFE 2, 8 302 UM A ) AT DL il e 22 St 1% Hoh TOC/ TN U AH 9t Dl 6 1iE
FILJTE P 8 B AR 2B P b 2 i 22 01 40 7R S5 U W0 1 TOC/ TN R 2—4, 56250 4—10, TR S 1)
TOC/TN {H—M/NT 7, PRI 6—14  ARLF AE sRAR Y 4—12 , & S 4E s A I8 1Y) TOC/ TN K
T 20, = Bk A=A 0 — A 20— 160, K 2250 St 4 EL A e A, 3l 8 v] ik 50 AR g5
M5, — BT TOC/TN >10 B, A HUS LIAMNE (BEIE) &3 TOC/TN <10 B, KL (KK H &)
J 5 TOC/TN=10 B, P ANE A MU A A SRR A2

A 3 AT HER P R TR TOC/ TN SERIE R/ - 22 BH IR > P R > AR SR T
W, X5 SO A ILBBSERNEF— 20, BT TOC / TN HAE A LI Ly 3 S 4F
AR, TOC/TN HEAARVEE R 9.6—30.5, ¥{E K 16.9, KT 10. th IL AT LAHEWT i G s DT AR Y A7 AILT
Z W ANEIL R ASZ I, HLLAMNIE (BEUE) /E 8 32 S TR TOC /TN 4 ERH X 18] YT70] 171 95
HHEGEF R 8.0—15.5, 348K 11.7) MUY (YL 10.3—13.2, #{EH 11.9) Z & dm T e
FHEEME 1.9 T TOC /TN FLAE AR, Bl IR A MG LS LA | BRI AMIR R i 3 3K
DURRYIA LT 2RI AN 2 SR PROBT o 58 vy, (HL RS I 6 K HL HUE 32 R 28 5 R BUK L 2k i
TR A s S5 0 P 9 5 AR 400 9 A 5 Bt R 7 o s AT 9 8ok R i R SR DR 3R e R R
FTOC/TN LA iy H 2 N 2 —.

#3 LAY TOC/TN TOC/TP 'TN/TP H{H
Table 3 Rate of of TOC/TN, TOC/TP, TN/TP in sediments

i 4 FX River Name Ui H Item I KAH Max. #%/ME Min. SE-H{H Mean bRiEZE SD CV/%
TOC/TN 30.5 14.3 20.8 5.9 28.3
LEFH& Chongyangxi TOC/TP 147.7 37.2 78.0 36.3 46.5
TN/TP 5.6 2.6 3.7 1.0 27.6
TOC/TN 30.0 11.3 18.5 6.5 35.0
AT Nanpuxi TOC/TP 79.5 42.6 54.9 14.6 26.6
TN/TP 5.0 1.8 3.2 1.0 32.1
TOC/TN 22.5 9.6 14.4 5.0 34.8
FAE Songxi TOG/TP 54.1 31.7 40.7 7.8 19.3
TN/ TP 4.8 1.6 3.1 1.1 33.8
TOG/TN 14.1 12.2 13.3 0.7 5.5
HIR Jianxi TOC/TP 53.6 28.4 38.9 10.9 28.1
TN/ TP 4.0 2.1 2.9 0.8 28.8
TOC/TN 30.5 9.6 16.9 6.0 35.3
P Total TOC/TP 147.7 28.4 53.7 26.2 48.8
TN/TP 5.6 1.6 3.2 1.0 31.7

TOC/TP {HAE— L T HE S LU A HLER A AL 5 0 00 i R R T 38 AN [T 3 10
B TOC/ TP HHER/NEIF IR TOC & EHET , 8RB T iZ s TR A HLT = 54 TOC/TP AR k.
AR IZIRGTRY) TOC / TP FAHEE Jy 28.4—147.7 Y948y 53.7 , 375 25 T M) VL30T 11 3 b 4458 (35
FlA 16.0—56.1,¥{H R 27.4) 1O s b —25 R e T 03 IX UMD A 3 H AR, Ttk 38 TOoC & HE %%
W, T TP SR

TN/TP 8% R 7K 2B SRR UL S ORI P sh 25 i AR (0 2555 B e >4 IR R
[ AR TN/ TP 238 K /NHEFE [ TOC/TN .\ TOC/TP HEJF , R e T iZ Wi i AR 8 3 e Ll 5%
TOC TN & R WA K A% IRUTE TN/ TP Yo R 1.6—5.6, 3{E A 3.2, & T B YT 118 3 4 458 (V1
FlA 1.5—4.2, ¥9{E 0 2.3) 15X 5 E S0/ i B4 BRI i 80 K 7= |38 8 97 Ml 558 % 306 T 3l L 24
fiX, FECTIN SRR, TP BRI AT,
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2.4 PURPHEA BAL IR R 5 8 SR U R R E B

HHE IR Y R A BRAL A R 5 8 IR TR A G AN 3R 4 Fos. th 3R 4 7T WL, W15 X0 AR
TOC TN F1 TP % 5 UCRY) pH (EAHSCHEN 55 , WO XU IR FZ I sh A s iR E SRt R & i
AR 0 TOC SUURUIRAL KhRr 5 35 UG, S5 0K 35 IE A OC. X 5 3o A o, B XA
AP XA P SR AR RO ELA LA % f e A — B R U TR ST X s R O e
SRR A B o0 A b = ZE DR E AR .

HE I TURY) TOC TN FI TP Z [ fAR SRR, AR T RE VLA — 3 1 2R I A 7 22 5. 45
B AT, AT DAHER A - i R X R TOC it TN 3 1 D) 55 00 50 X ARy 32 A7 76 14 TR
TS YR AR OGS S TR) TP i SRR L AZ AR ORI, 5 SR 1719 BE R ) 2 AR G212

R4 DIBWHEA B IR S E IR UEA R T (n=23)

Table 4 Correlations analysis of basic physicochemical indicators and nutrients of sediments

pH RhkL ik i TOC TN TP

pH 1.000

RkL 0.153 1.000
bRl 0.178 0.841" 1.000
{gA -0.178 -0.888 " -0.996 1.000

TOC -0.064 -0.792** -0.460* 0.528 1.000

TN 0.255 -0.290 -0.279 0.288 0.169 1.000

TP -0.168 -0.395 -0.399 0.407 0.162 0.316 1.000

H:* P<0.05;% = P<0.0l.

3 758 ( Conclusion)

(1) AEERBGTRY) TOC TN I TP (14 £ 1o R 1.96%—5.75% ,1268.70—2421.17 mg-kg ™',
264.01—1045.40 mg-kg™" X TG E T-HME ST IS RIS T PP 0 o 1) 8 A Gk BE A, (R e R AELATS
FEILHUE 1 S LN, FOR 2 B TR AR A B RG0S A 1 AR K

(2) YUY TOC BB FI5 e B Bl N 2.0—5.8 , oA R B V5 L s TN V5 QL4850 T 2.3—4.4,
15 YL E TP HRBGE I 0417, 3 HAT e AR S R 45 38 FR e R AE B K AN S R MR 1
HESTFRBTRAREESR, AEFRITEOA T TN ESKEE S, TP TOC 1 KUK SR AL,
W IV EE AR A TR A | DR T TN A A S XU

(3) BFRau R A AT R, BHR IR AT LT 32 N AR 3 [l A 52, HLLAMIE (BEUR) 18
FHR 35 o B 5 P i s 2 OB 5 3% SRR Ak ) 32 S R R TR A B FR T R Y TOC/
TN TOC/TP [TN/TP HAEFH: TOC &y —3, et 7T A L 5 Ak & i 2 oCR B UL H =F W
FESRIEAIEAE—E 225, Horp MO 7 25 R 1536 TOC &8 784k, TN 43 A B8 B bk 458 by 72 B £ T Y5
HERI 1T TP A2 3 S IR HE AR 5 G 2

(4) RIS )T _E U, TR PR 8 7 R0 52 e A 2045 vh T Ui ) F AR A VT K MK
AL, A JE A R ISR SR AR F IR0 IR B M R B A AL AR & & 15 oL 5
h BB Z i, PE— 2058 TR BT R B R IR B K RS A 5 .
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