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Ecological risk assessment based on nitrogen and phosphorus forms in
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Abstract; Based on the analysis of the physical and chemical properties of sediment and the
distribution characteristics of nitrogen and phosphorus forms in Shaxi watershed, Fujian, we
evaluated the ecological risks of nitrogen and phosphorus nutrients by the single factor index method

and the bio-effective coefficient method, so as to reveal the spatial variation of nitrogen and
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phosphorus content in sediment and its environmental significance. The contents of TOC, TN and TP
in sediment of Shaxi watershed showed 1.11%—2.37%, 812.51—2038.29 mg-kg™' and 249.87—
722.60 mg-kg™', respectively. These nutrients in the lower reaches is higher than those in the upper
and the middle reaches. In addition, the distribution characteristics of different nitrogen fractions
showed organic sulfide bound nitrogen (SOEF-N) > iron-manganese oxidized nitrogen ( SAEF-N) >
weak acid leached nitrogen ( WAEF-N) > ion exchange nitrogen (IEF-N). And the order of
different inorganic phosphorus forms followed as metal oxide bound phosphorus ( NaOH-P) >
calcium bound phosphorus (HCI-P) > reduced phosphorus ( BD-P) > weakly adsorbed phosphorus
(NH,CI-P), and the concentrations of biologically available phosphorus ( BAP =NH,CI-P+BD-P+
NaOH-P) in the downstream sediments are higher than those in the upper and the middle reaches.
The results of single factor pollution index evaluation showed that nitrogen exhibited a moderate to
severe pollution with a dominant moderate pollution. Phosphorus exhibited slightly and moderately
pollution; Meanwhile, the evaluation results of the bio—effective index method showed that nitrogen
was a mainly lightly pollution, while phosphorus was a mainly clean and lightly pollution.
Considering the environmental characteristics of this study area, we think the nitrogen and
phosphorus bioavailable index method based on the comprehensive evaluation of total content and
form can better characterize the spatial changes and ecological risks of nitrogen and phosphorus in
watershed sediments.

Keywords : nitrogen and phosphorus forms, sediments, ecological risk, Shaxi Watershed, Fujian.
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1 MBS 5 ( Materials and methods)

1.1 5T XS ME AL

VBRI T AR A TR S, S = AT N A K BT, R R YT R E A SR — e AT
A R IR TR JE I KE =0T M WD R R VE O S I BT VMRRR 41K 328 km, Ui
A 1.2 75 km?® 24 5 BV T30 TR AR 19% . BN 25 G4 S 99 4%, WBDIRIT R & & K BRI 4, 248
SEEFRZ 351 m* s AR TR PR L R X, A IR IR, AR 15 Rk 0% LA L.
1.2 FER AR S FiAb B

2017 4F 10 H  RIEVE R ALK FIHEK R84, IFER 6 % B W HRS 0 IR EAE 4
MU S5 A AR, TR I P e T A 3 A 6 I 15 DU RL ) BORE o Ry B 1 B o SR B A BE AL AL SR | T
TR it R AR B, A 31 2 TR 30 2 VT3 7 1) 30 m A BESE BN, B DXCN-3821 il e B4 75 AR 9
SACRFEARBENLRSE 5 40 0—10 em IR RIZVIBEMIR G0 1 DERAFES R E 14 DA (BT D).
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Fig.1 Sampling locations of sediment in Shaxi watershed

1.3 UUREIRE & R

ARHIFFE LAAK A PR A TR B AL v 5 DU A ALK (TOC) |, Bt R 4 S AL 725 0 5 uﬁmw)ﬁ%%
BEPUACICRE DN R B (TP ) W RUBAS I A2 SR FH S 21 A5 ekl i TR R JoR B ik | 3
o TR R O A R, TIN) A4 B 738 8 A/ (IEF-N) SR IZBUS A (WAEF-N) B4 Ak
A (SAEF-N) FIG MUERAL D45 A5 A (SOEF-N) 5 4 Fp R A BHE B M $EHCR H Hupfer S5 20t 19 7
WU AR ICHLEE (TP) 023 55 W B AS B (NH, C1-P) R SR AT (BD-P) L & Jm A A ¥ 45 & Ak
(NaOH-P) FE545 4 485 (HCL-P) B S I SEAL R WLIE 2. 00 Z0B &4 LRI SR IO &
0.45 pm JEAE U8, 0 FL v i S RURIN 28 800 3 i, DA IR R X R SR U ZUB S & i B A & 25

BRI ZE 0.45 wm JEMF U8 5 AR o vkl e o & 2, A9 2 4R U B R S & 2

0.24 mol-L™" NaOH+0,074 mol-L™! K;,SEO“ 550 °C,1h,1 mol-L~! H,S0,
115 °C, 40 min 25°C, 4500 r-min™' 16 h
g w;z{ 1 g L ’ ’
(Skcjﬁncnl S%:Encnl
LKC L ,
_ "l\lno_l L k.u_, [EF-N °Ilmol L NII-IJCI NH.CI-P
25°C, 3500 r-min”", 2 h 25°C, 4500 rrmin”", 2 h
il * ik *
(Residue) (Residue) 0.1 mol-L"! NaHCOj+
HAe-NaAc(pH=5) !
HAc-NaAc(p WAEF-N 0.1 mol-L™" Na, 5204 BD-P
25 °C, 3500 rmin”', 6 h 25 °C, 4500 r-min™", 2 h
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25 °C. 3500 r-min”!, 2 h 25 °C, 4500 r-min”, 18 h
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Fig.2 The extraction protocols of nitrogen and phosphorus forms in sediments
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4RI, [ P AN R P R 55 8 3R 00 R B A S RS AN B o4t — BAR IR i, R R 12
()R BE TN R R4 PRI AN RE IR (1992 4F ) il 22 1Y PR o 5 AN 48 A v R A 7 1) B0 PR 105 L 4
BOFM ™ %0 ik B, e R RN

P.=C./C,

K PO IR FE B PR MERE B, C PN R T i B9 SEINE ; € i E BT 0 BRI Ao (A (A SCR
TINEE T2 AR Tl A ) A 858 T DA A v P B 28 A %) B 37 K L TN TP Ve J3E BRAE 3971 8 550 mg kg™
1600 mg-kg™'") . — Ak FRARHUE P 0K /INKE VA IRUBS S G2 S 43 R U 2%, BRI 1 R,

R 1 VBRI 15 RAE 0T M bR vt
Table 1 Evaluation criterion of the single factor pollution index in sediments

SRS N i VR
Risk level Pollution assessment

Pry<1 Prp<0.5 Tk Clean
IsPy<2 0.5<Pyp<l REET5 YL Slightly polluted
2sPpy<3 IsPp<l.5 HH Y5 % Moderately polluted
3Py L5<Py 154 Seriously polluted

=B = ~

1.4.2 WA BEEBOT
KT ORI RBE TN R 5 8 T oo R i, IR IR AR T A0 A SO AE WA R s, A3

ANHUTRYIE FRICR B R A YA 3. I I, ARG X BB AL B A YA R 3R DL
AP RCE (W) 1 B 2 SR AR YA RO () 105 200 BUAEC A A= W0 0 50, 6 B R 15 YR8 B0 T AN
PHATEIE, [RIE B FR o A A e B s 7 AR .

PK,=K:P,=K:C/ C.

Ky =Cyrn/ (Cox—=Corp)

K, =Cyp/ (Crp=Cip)
K, PK, Ky K, 70 IR A S 9 A A 38 8 R AE YA SR BB A WA AR B, T #.C . C o7
ARV R (R ) B SR BEAE PPN AR E(E (R BIPAN TR 2715 ) . Cry  Copy Cp Cpnp IR R IR
RA YA RCSE BB A (mg- kg™ ) L [RIB, A= 9045 RCH8 0 PK, 8 XU 25 0 ) 43 b v
() B[R -7 G AR RO ik b B AT 8 0 P, 1300 oA .

2 25559718 (Result and discussion)

2.1 PUBRWIEFRITER S50 A FHIE

VPR ITR S IR R I B/ A i L AN 25 2 s TR TOC TN A1 TP A 1 3 R IR
HF:1.11%—2.37% . 812.51—2038.29 mg - kg™ 55 249.87—722.60 mg - kg™, XF 1 4 {E 43l R 1.81% .
1333.36 mg-kg ™' .540.44 mg-kg ' AFENTELUY) TOC TN F1 TP S8 /N A5 e 2 2 . R > i >
B X ST XA TR B A bR FH 53 A0 RN A i Sl B 2 S 0% B B i iat Bl 2 2 S pkck, N R 2D
N R 1 Bl B 55 5 v DN VRS BRI, AR Sl sk B A 5 | b A IS B AR Ak 5 T R U S B
AR B e , N N4, B bR 2R — 20 ZHE AL
2.2 DU RBEIE A 25 AR 4L
2.2.1 DI EMAEIE A 12 [ A2 4k

WniE 3 FiR IEF-N 45078 b AR R Em By & s 34 5 IEF-N/TTN I AEHR IRy 24.27 ,34.70
43.00 mg-kg ™' 5 6.56% .6.98% \7.26% , BUAH R/ N A U — 2. R UE >HiiE> B BAR TR TEF-N
Y3 S R A, H R T REHCR IR, [ K AR BTk IR K (>50% ) 7 itE— 2500 B T VDI i 3k
DU A R BRI 7. WAEF-N 7ERRVESE T ) TR rh 5% 78 2 [a] Bk 4 HORE i e 1 AUk
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FIEF-N"") WAEF-N/TTN F A8 78 VIR 3 A 5] 0 B GUR ) o 25 R K& (b PR R iR kA
18.25% 17.27% 17.17%) , BiHI RNV T 4 43 43 A A R . SAEF-N i 8k Ak 45 G 8 A, TE 0T
X XPUBRPI 5 TTIN 8 F(ETE N 25.18%—28.28% , W Wi K TR PIAN2H 3. SOEF-N A LB L 45
HAAA, FERES ARG MK T AV S & Z0E A o Bk, BBt Jy 555 . 1
SOEF-N 2073 &84 , WK AR R B 5 Bk R T TEF-N 220121 87 5% XK [ 3] BE 1) SOEF-N ¥{H
FNFE g FiiE(275.34 mg-kg™') >Hi7(245.32 mg-kg™') > Fii#(178.57 mg-kg™') , 5 TTN AU HLIE K
Tl (50.57% ) > 117 (49.20% ) > T iif (47.30% ) BRI, TURRPPRAR BN SOEF-N/TTN £l 8/, 48
TFH R T IR AR 5 VMR R DU SOEF-N/TTN Ui e /Mg iG>

x2 VERBUIBYEFRICE B ES R
Table 2 Distribution of the nutrient elements in sediments from Shaxi watershed

B it H N E] SR w/IME NS

Reach Items Max. Mean Min. SD Cv/%
TOC/ % 1.78 1.62 1.44 0.14 8.73
1% Upstream TN/ (mg-kg™") 1443.77 1072.31 812.51 269.04 25.09
TP/ (mg-kg™") 521.01 418.92 249.87 167.95 40.09
TOC/ % 2.04 1.85 1.75 0.11 6.14
i Midstream TN/ (mg-kg™") 1684.62 1382.49 955.47 296.74 21.46
TP/ (mg-kg™") 622.11 537.45 439.34 73.60 13.69
TOC/ % 2.37 1.98 1.11 0.45 22.51
T Downstream TN/ (mg-kg™") 2038.29 1555.10 1290.10 279.02 17.94
TP/ (mg-kg™") 722.60 664.34 589.09 46.11 6.94

SRS, B RB TR h TIN &4y 251.18—724.88 mg- kg™, TTN/TN 78 il 27.19%—
41.28%.TTN B ISy /A B AL K : SOEF-N>SAEF-N>WAEF-N>IEF-N. H: i | SOEF-N/TTN %74 Ky
50% 447, YA RS AN EEIEA.
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Fig.3 Contents and percentages of TTN in sediments

222 UIRYIBEAEIE A s [ AR 1k

WE 4 s, YHE R E IR b NH, Cl-P & & 3¥{H 5 NH, CI-P/IP HAE R 7.08 mg- kg™,
2.76% ; 1M 9.94 mg-kg™',2.58% ; RN 12.22 mg-kg™',2.68%. C A4 WFFE W, NH, C1-P A LI g
BRSBTS E AR WA USRS 4L B S BRI, YR R LR TP AN
NH, C1-P [ 3 #0458 5 , 05 BT 71 fie K. BD-P SRy S fhid i iUl , E 28 Sk & b Fsi b &
W4 & B, B e B M A W R 22 BD-P &M S BD-P/IP WAETERFSE X b b Rl
BRI R3304 12.05 mg-kg ™' ,4.89% ;14.75 mg-kg™',4.01%;18.84 mg-kg™',4.16%.NaOH-P F= B 455
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AL S5 A W, 2R W R Y 2 B0 ) 58 X DU NaOH-P & & 5 NaOH-P/IP ¥J{f 43
51K 206.72 mg-kg™' 5 55.51% , B 4k 155 T X007 (9 HCL-P 2435008 (MK YCH 132.85 mg-kg ™' 5 37.43%) .E
FRRE A, TR WR SOTA DU TR IEHLBE 2 4 A NaOH-P A1 HCI-P A 3 | B A M IX B T LAAE B 2
WA A A NaOH-P 443 A K T HCL-P 4143, Wi db 7 Mo X 54 K A 58 5, HCL-P 45 & =l
B KT NaOH-P 2643127

AR VP E RIS DORY) h I HLBEE &5 40 53 1 K/NIUF 4 - NaOH-P > HCI-P>BD-P>NH, C1-P. H:
o, A WA B ( BAP = NH, C1-P +BD-P +NaOH-P) () & HE ¥ {E 4 231.69 mg- kg™, /5 TP & ¥ {H 1)
62.57% 5% X AR BE ) BAP S{E K/ NIF H7 . T U7 (298.46 mg-kg™" ) >H1iji7 (248.10 mg-kg™') > i
(151.81 mg-kg™" ), 5 TP B FLAE Jy . HiiF (45.58% ) > FiiF(44.78%) > 1 (37.43%) 53X — G600 1,
AR S = A UE P R IR TR O R AR A S L e
V77 NH,C-P BZ BD-P NaOH-P Y

800

G i T
Upstream Midstream | Downstream
— 700 -
£, 600 - Z
= i g
=1 &
e 500 E
b} r | pFABEE E
=400 mm AW AER &
2 i (=]
g 3001 g
2 200F gl 3
§- e .-_‘:‘
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Fig.4 Contents and percentages of IP in sediments

2.3 DU RS AL S KBS T
2.3.1  HHFIG YR EOTEN

VBRSO R S TN B SR FI5 4880 (R 3) A T 1.48—3.71, KR 59 oA T 11 AV
A 3 ANEEYL SRR S BB 28.6% 50.0% 21.4% , LLTR EETS gL R .

R3 UIBWRNTISRE RO R

Table 3 Classification of the single factor pollution index in sediments

TN TP
e RFE
Reach Sampling sites P. D 451 P PR 253
! Risk level ! Risk level
1 1.51 I 0.42 I
2 1.68 | 0.45 I
1% Upstream 3 1.48 I 0.60 I
4 2.45 i1 0.87 I
5 2.63 Il| 1.16 I
6 1.74 I 0.83 I
7 2.97 Il| 0.99 I
"1l Midstream 8 3.06 v 1.04 m
9 2.29 IIr 0.73 I
10 3.06 v 1.16 i}
11 2.39 Il| 1.12 i}
T Ui% Downstream 12 2.63 I 1.20 il|
13 2.35 Il| 0.98 I
14 3.71 v 1.07 m
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ANTRITRTBE LU X AT 2R, T U0 04 v B T G T B LR B 60% , T FE TS YA B 40% , PR BT
RS YA B € L B ST B B VTR VR OB TN B TS G AR BN T 2.8—3.3, FRAL R A
ST 5 IV GRS 5 RIS BT _E I 5y — > B S i —— R IR TR TN V5 48500 T 2.3—4.4 ik
FN B IV AR 71 R, YRR GTRR ) b TN 475 2 XU 2 T i A0 ) T3] 1 i, (BA7AE S5
TR T e A R .

TP 7EWFFE X TLARMI A A DR 15 e 5 50 T 0.42—1.20, KU 25 000 A T 1 B— M 4%, 43 500 o5 R
MY 14.28% 42.86% Fl 42.86% . FH L [ YT T 7] F1 XL AR Y R TP A PRI 1 (8 80 T 1.0—1.4,
B M%) 5 AR RO T TP B F (R85 T 0.4—1.7, 8 T s MG (A= 25 AU 547 3
Mg R YR TRIRGTRY) TP 15 Yeas AR AL TE K, R il B iy v B Vs e Fe B A .

232 HWABERECH

WFFE X UL E s A= A S8 RO A 45 S g 4 Fos o &AW S8 5 F 0.63—2.05 , KL
B T . I I 0 At S B o SRR S By 21.43% 71.43% 0 7.14% , B WHZ i TR B AR 5 Y Ry
F, H_ 37 60% FIUTEIRE i B9 RS T3 ( 120 , R I B A b BE Y5 e, h R b 80 3
SRR 20%.

MBEZE T &, H AW A RIS T 0.26—1.39, K2R 4 T 1 H—I0 2%, BF &5 He il 43 51k
35.71% 35.71%H 28.57% ,FEAR LAE I S H TS 4o o F2. i BE TS 4 ( 4% ) (AR o 3228 S I AE VD IR T 3
b I, AT BRSO R 3R TS K R A T S B ORI B b R R K I SR R R KR TR
KI5 SR B YNE A R WA BEURR Y BAP/ TP M4 i AH— 2L

HI UL AT UL, LA WA 8 ORI X TORRA R A A XU TR 25 SR rh R R B LU TS ey
F2, Bl F2 T DAV R IR s Y Sy T2 ARG R0 XS T 5, ke 11 DU 22 B R AN RVl B AR B, VDB i B
T T G XU B Ay ™ T 5 e v G XU A X 5

R4 DURYIR A R O SN A S K

Table 4 Classification of the bioavailable index and ecological risk of sediments

_ TN TP
B RAE
Reach Sampling sites PK, Nﬁﬁéﬁfyﬂ PK, mﬁﬁ%&ﬁﬂ
Risk level Risk level
1 0.68 | 0.26 I
2 0.63 I 0.32 I
LU Upstream 3 0.86 1 0.40 I
4 1.03 I 0.44 I
5 1.65 I 0.58 I
6 1.04 I 0.49 I
7 1.22 I 1.03 ii|
3if Midstream 8 1.54 I 1.06 m
9 1.61 I 0.57 I
10 1.98 I 1.39 i}
11 1.55 I 0.76 I
T Ui Downstream 12 1.55 I 0.84 I
13 1.43 I 0.59 I
14 2.05 I 1.08 il|

2.3.3  MMPEOEE R A% AT
R IX A WA 5 A 4 SR A 22 S T S PR T PR DAk A R XU G ) 43 e A A, IS
T AR (2T AR A E A3 LU B, DX I 55 90 1% A= 0 RACRe BT (A 43 B AR T 107 55 2 1) B DR -4 4
T B E 53 H ).
SESRIR XS B 5 G AR BOT , W58 X UTAR Y DL AE A 3P BOT I 45 R R A4 TR AR
b A R AR Al R S BEA — A A JRUIS: F v 31 ) AR ) AR . Fery B U U B R = (AR
AU S A, AR B/, LU & SR T A 15 210 8 A 25 XU B S 30K (P T T 5510 2 1)
I %) ; RO A B SRR G Hh T IV e B 2 T 9%, 5 I 20100 2 A 208 XU ) 7 B BRI, LS
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B ) XSS Bt U by T 20 re) 1 /0 I, 3 AT e e TORR 00 il ) AR A 5802 o0 B R AR 8 R, AN TRV
Kb TCRR 9 ) K AR XU, F) 28 S 5 5 R WP DCRR W vh R 2 e T L IV R 22 T 5%, B 1 0 1 it ek
MUY AR SR B IREROR (HAE YA B o0 B BETBOXU G553 , 175 2 AU B A1

BRI, YRR TR LE A R T e B 0 A, AR R Bl I IV % 1 T I 4%, W)
DRSS Fh I8 5% 1) AR 1], 2 A 5 2 70 1) 2 ) o A 22 S X DR TR, AN R 58 2000 7 A 1 AN [ ) 52
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Fig.5 Grade change value of two evaluation methods for Shaxi sediment

3 %4518 ( Conclusion)

(1) VPERIUERY TOC TN F1 TP 155 2 i KK A 2 1.11%—2.37% ,812.51—2038.29 mg-kg™'
+5249.87—722.60 mg- kg™, H T U#E B RAAE b P oiEi By s ABEIE A R TIN & &4 251.18—
724.88 mg-kg™' , TTN/TN HYFLFE K 27.19%—41.28% , LA SOEF-N J 476 SCS A M EEIE A IP/TP (1)
BB R 67.75% , Lk NaOH-P } FEIEA, T BAP/IP HME 5 62.57% , F B BT T 0 A6 0 s ve 2
TA.

(2) BRI YA EOT M 45 SR = B VB I TR i R DA b BE VS G Ry 0 DX A A o Y g
(U R ZR ) s Wi B2 AR BRI 5 ok 3 i oA ) I B0 e i A= 0 A A 0T i 3R 9, i
WU R DR TS Yok 3= B DL T RV B 0075 e o AR A5 X B SRR DL 25 & 4, AR S
BAREOT N S5 & T AR SR ML S A WA A 7 & B IE TS AW S 22 5+
FEBRVTPAN , AT LATE 4 M SR AF BURR A vh Ul 1 23 [) AR A A5 AR 2RSS
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