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Heavy metal concentrations and speciation of soil affected by bird droppings in
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Abstract: The heavy metal content and speciation in soil and bird droppings from Tongli National Wetland Park were
determined. The main purpose was to understand the impact of bird droppings on wetland soil heavy metal contentraions and
their speciationchanges. Soil with and without bird droppings was collected from Tongli Wetland. The metal concentrations
were determined by inductively coupled plasma—optical emission spectrometry. The result suggested that the average pH for
soil was 4.5, and the contents of N, C, H, S, and TP were 3.69, 38.07, 10.97, 0.52, and 1.43g/kg, respectively. Thus,
the N, C, H, and S levels in soil containing bird dropping were significantly higher than those in soil without bird
droppings. The average contents of Cu, Zn, and Co were in the order guano sediments > soil with bird dropping > soil
without bird droppings. The average content of Cr was in the order guano sediments > soil without bird droppings > soil with
bird dropping. The average content of Ni was in the order soil with bird droppings > guano sediments > soil without bird
droppings. In general, the Cu, Zn, Co, and Ni contents in soil increased with the presence of bird droppings. Bird

droppings should be cleaned in a timely manner to reduce the local pollution risk of heavy metals in soil. The percentages of
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total active Co, Cr, Cu, and Zn fractions in soil containing bird droppings were slightly lower than those in soil without bird
droppings. The inactive state showed an upward trend. The proportion of the total activity of heavy metals in soil reduced
with the presence of guano, but the content of total and active heavy metals in the soil increased; therefore, the amount of

migration of plant systems will increase, and fertilization using bird droppings should be applied carefully.
Key Words: Tongli wetland; bird droppings; heavy metals; formation; soil
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690hm” , HH K[ A 240hm® Bl LI AR 450hm® , AP NAEZS RGEZHE, HATC A, Rl AE A 0 A A BRAY K
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Fig.1 Spatial distribution maps about sampling points
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3 K SAGURY P pH R pH 31 ( Mettler-Toledo, €)M, C N H.S &wfli HITE 5 H1iL
(Elementar, f&[) W5, 48 (TP) ff HERA - LL kb T Mm Y oML E, BeE ek
A T Fb OB 3 T i, BRI 0.2000g K i, HF-HC10, -HNO, AT %2 . Hi 4 JB I A5 {81 Tessier Fi b4k
FEWOL I RIE S AT S (F1) BRIRERZS 575 (F2) R EAL S 528 (F3) A HLES G2 (F4) Fgk
BA(FS) ARG TEAS R FILLF2 F3 (R M, F4 R FS i b R R yiB 1 Cr . Co Cu.Zn Ni
4t AR BUS 4 @ & 48 ] ICP-OES( Perkin-Elmer, 3 ) I5E

R URIE S B0 5 A W] S, - R TR I i R e R B R Y 15% LU A A TR K - RS MERE
(GSS-3) #4721, MR 87%—119% ., 1 4 DHESLBEALPRE 1 MECEATRE (R 3 R) , B i ¥ s
A ZERAF G B ok TR BRI sk K A LR 10% RERRE IR 24h UL,

2 HERAW

2.1 [A] L el - K B FEDTRR M AL

() LR M Pl - A pH ik 4.5, B RTE . Hirh 08 /9 pH & R T WS(P = 0.023<0.05) , ¥ il 21.64%
(F 1), AW H0R N C H .S TP FH 5 458, 40 581 (3.69£0.98) | (38.07£16.01) , (10.97£2.45) |
(0.52+0.25) ,(1.43£1.02) g/kg, HH WS ) S P& E 0S BH B B 25 (P =~ 0.000 < 0.01) , = ih
102.60% , 1 WS A N .C . H A-FH & & B35 5 T 0S(P = 0.028, 0.043, 0.035 < 0.05) , 435 i 38.17% .59.
95% .22.92% 1 WS 5 0S Z[A], TP Z [A 25 JoSE 48 3L (P>0.05) .

BS H pH Oy 4.68 , fE A, L N C . H 1 TP /Y& By 5 T 0S Al WS, C/N C/H ¥ T Lk +4E, BS
1S S RESR T LA AOKSE R OS (R IRAK T WS,
2.2 [ L A Pl -3 % 2 3 T 4 e REAE

HHEH 5 Co Cu Zn BRI BS > WS > 0S([2) . BS 1 Co PR & HERG H OS ik 53.90% , = #
A S FRBUNTE 10% 2547 28 AL BE U/ BS h Cu BYP-2 5 B mi i WS 1 0S 2 64.81% (124.94% , —# ¥ 2
H P AR AR S A UL Cu B [ 58 S PRI B b — AR A 35mg/kg, BS T Cu P2 &5 i g AR (L 3.99
i, WS Fiih 1.44 £%,08 itk 0.78 £, BS th Zn (V- B8 40015 WS 1 0S 1 7.77% .60.79% , Hrh WS
55 08 S P AESREEAE S BS h Zn 1 B IR IR — GUbR HE(E 24.61% , T3 A R T AR
WEE, Cr RILN BS > 08 > WS, Hith BS il 0S HI WS 2 71.04% 79.91% , =3 B th A5 SR IEAE 5 X L
[ R A SR o i — AR E(E 90mg/ kg, BS Y Cr i 1 47.80% , TIEFEASHIAR A 19.05% , Ni KNy WS
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> BS > 0S, WS 5 BS i Ni FEHER/N,H WS 5 0S 258k, #iddE 25 EK5%, 08 5 WS #1 Ni Co.Zn
EREEW P E2Z S (P~0.000.0.000 .0.006<0.01) ,Cu KM N B EFEMHEZER (P~=0.023<0.05) , Cr Z[H] {2
MG R L,

®1 FEEMAETERSIETRMEBUMER (vke)

Table 1 Physical and chemical characters in soil and sediments from Tongli

251 FHE A i3 A i ey RA AL
Type Characteristic pH N C H S TP C/N C/H
T4 0S Y 4.89 3.17 30.29 9.99 0.36 1.22 9.56 2.9
The soil without droppings(n=12) b2 0.99 0.67 12.10 2.28 0.13 0.67 2.50 1.07
5 R E % 20.24 21.09 39.96  22.86 36.62 54.92 27.40 35.95
A1 1E WS B 4.02 4.38 48.45  12.28 0.73 1.48 11.07 3.87
The soil with droppings(n=9) FrifEZs 0.48 0.93 15.08 2.10 0.20 1.19 1.50 0.76
5 55 R E % 11.94 21.22 31.13 17.14 27.02 80.41 13.87 19.59
B35 BS B 4.68 6.24 81.50  15.34 0.70 2.44 13.06 5.22
Bird’ droppings(n=4) b2 0.24 1.48 26.06 3.55 0.21 1.03 1.38 0.62
5 55 R H % 5.13 23.77 31.98  23.12 30.54 42.21 10.75 11.86

2.3 MRSV E &R L S RHIE

TIER ISP EGRILS A BA —E 25 (K 3) . Hh Co 7E WS,08 5 BS B3 K F5 > F4 >
F3>F2>F1,HAp BS 5 WS fiEtEESEE &M HE 258 13.30% . 11.35%, 0S8 HiG A & R
14.87% W& =T BS 5 WS; Cr FIEATE OS R HH . FS > F4 > F3 > F1 > F2 76 BS 5 WS 5. F5 > F4 > F3
>F2 > FL S 2R E S 2T 0S > WS > BS, 7054 3.13% .2.80% .2.33% ; Cu £ TEASTE 0S 5 WS
FRRIHN.F5 > F4 > F1 > F2 > F3, 76 BS FIZRFL N . FS > F4 > F1 > F3 > F2 i EA G SR E O L2
H0S > WS > BS, 7058 :12.18% . 7.85% . 7.44% ; 7Zn £ TEAFE OS H I . F5 > F3 > F1 > F4 > F2 7EBS 5
WS H125.F5 > F3 > F4 > F1 > F2 {GPER 2 WA 2 2 0S > BS > WS, 73051154 :28.85% ,25.19% |
15.83, Ni ZIEASLE BS WS 5 08 R HH . FS > F4 > F3 > F1 > F2, oGS S L2 3 H WS > BS >
0S, =FH 9K :6.75% 5.79% 4.23%,
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BT RGN IR SRR SR ) S EE RS T IERE S B e S A S
FERE TR DI, SR R v A2 B RN AR VE N 2 A i et BRI T IR A JE Ok
K IR B R R M HES R E S T 0S X, A&, YIMNEESFEiA L5, B4R
RIFIE A R B e SR A 22 R4 T 4 e > ZE B B M S5 IR B 25 R R, Zn Cu B R AT (0 7k 2 7K 5
PEPYT S WS 5 BS o Ni fFH & 25 G4 L (P > 0.05) ,{H BS WS 5 0S 7 Ni & Bl 2
SPE(P <0.05), AT UL, B2 A S35 Ni i E £ 10 Cr 78 WS 5 OS (B AR B 25, &
BT CrBAL P4 FS 503, HE SR R8N, A S eT s ae s,

[Fi] FEL Y b A 138 448 Co 7 it =y TP 40 /K 38 B 5 S 206 5 X 1398 Co & (MK T JE Wi /R
S B 3% Co & R IR A 3+ Co Ni &35 T WS S 43 Cu A1 Ni A& &M Cr
M Zn W& ENT IS S 38 Cr 5 Zn &&= [ R SIS0 Cr Cu Ni B3 839580, &
TR RN 5 2O & i (HJE Zn & KT IRH SR & R AR B VIR P SR (R 2) .
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Fig.2 Content distribution of heavy metal in different medium
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3.3 HEKDIBY P ESE SR S EE AR

[i) FEL Y e [re] 38 K TR Co-Cu B 1 35 IE A, Co-Zn , Co-Ni FEIW M i 35 IEAHOC (36 3) , Ui HH [H)
TR fd 3 Co Cu Ni Fl Zn Z [ B A MR 9 AR A SR TR, Cu-Cr Z[HIAEFE i 2 AH G, Cu-Zn
Cu-Ni Z [ fF e 3 AR e I Cu-Cr Cu-Zn DL K Cu-Ni BSRIFEEA — & AHME, 25 1, Co.Cu Zn F
Ni AJRER IR LT, Cr RIFF A B —
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FCAYA R, T S R R WAL TR K SRR T, R SR IR SR AR, S WA 87,87
5 Co™ Zn* U i IR BRALIUTHE , MM FEAR G Jm TG 1k . LI P TE e 1% S AL &, AL &)
B B RE A T R A S, xR T AL R R E R B AR L TP 5 Cu TP 5 Zn B3
BFIEARTC AW R IR Eh R A L35 BEFRAR L pH, T2 Cu Zn IERERLR, R Wk BZ RO BEFEA 1358
J5 , RS A HE L rh SR 25 L KB A A HLAS A A5 Y Cu Zn [ SC3 ST AL Y L i TS S p B Wk R 1 TP 3
AL BERETEAL Cu Zn MR ACR K 2P A R Cu Zn 53 IH 2 T KRR, S B WS ' Cu Zn
MR F T OS RS,

R2 FRAMREESIESEESESH/ (my/ky)

Table 2 Distribution of heavy metal content from bird droppings and soil in different regions

X R & % ! B B S 3Tk
Region Type Co Cr Cu Ni In References
JUPTHTAA R 5 H 1 10.57+2.79 165.6+22.96 35.3429.99 43.74+11.54 152.76+33.88 [15]
Pan de Azicar Island BRIEFX I 5.87+3.43 54.80+57.85 21.56+5.70 31.86+16.02 76.20+21.19
I WHIIR S H 1 47.32+4.81 116.00+7.42 54.74+23.03 55.88+5.40 117.52+20.56 [15]
Chafiaral Island BAESIX A 33.208.97 104.64+26.97 55.20+9.62 44.08+15.07 98.08+11.94
MR 1 SRR - - 39.8 — 489 [17]
Dongdao Island BaE+ - — 16.125 — 154.36
TR 5 H 1 — 39.273+37.642  1.874+0.930  20.591+45.894  39.248+2.240 [23]
Caiyu Island (g SR — 32.334+37.333  0.64720.576 3.498+3.712 29.888+7.392

9 IR — 20.000£37.223  7.038+2.569 6.968+5.245  424.292+268.727
[T e 18.168+1.819 73.934+14.702  85.238+17.993  65.625+12.939  115.623+14.913 NN
Tongli wetland L 11.992+1.343 77.770£38.171  62.450+18.198  42.460+10.280  77.500+10.280

Byl 18.456=1.160  133.018+66.578 140.477+19.230  124.609+11.057  124.609+9.900

x3 ITEREHESELESEALERBRAXR(n=25)

Table 3 Correlation between total heavy metal content and physical and chemical properties from soils and bird droppings

JG#E Element & Co % Cr i Cu & Zn BN i S pH 28 TP
i Co 1 — — — — — — —
% Cr 0.227 1 — — — — — —
il Cu 0.585* 0.490* 1 — — — — —
B Zn 0.654** 0.163 0.516** 1 — — — —
BN 0.596 ** 0.377 0.544 ** 0.337 1 — — —
i S -0.398* 0.129 -0.014 -0.397" -0.441" 1 — —
pH 0.260 0.025 0.093 0.150 0.563**  -0.498" 1 —
L TP 0.195 0.174 0.496 * 0.427" 0.106 0.316 0.331 1

# # fE P = 0.01 KV FREFMI, « 76 P = 0.05 KV L REMHX

TSP N CHSMTP TESHESERMEERHE —EMHM(£4), Zn W F1 5N.C H,
S H TP HEIIEAICICHR;F3 A TP BEHIEMKE KR ;F4 5N CHH E2IHIEMHRKLR; H S S5 S 2H
FAARKR, X T Cu, 2 M F3 85 TP 23 W EACCR ,F3 F4 FIF5S 5 N .C H¥EIIEMCKR,
1M Cr 9 F4 55 N .C M H 2IIEMEKER, Ui, R 0ZT S, AR TS Zn 0] 388 A HLEE
EASREAREE, S FHATHR KT Zn BRES W E, 0] 28 ASwkEH L BT S i B2 A
FL IS 4 SRR ERE S S A 3R FRIE ST Zn B AT mAEE S WA LS & AL, XHE
PESF MmN, TP &M T, B AT Cu M Zn WSS EATE, RS Zn HHLES A S T2 M T
o HHER SIS B TR A BT Cu Cr AR S AR, X TS m W e g i 24 8 L,
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F4 ITEREHESERSEELERBRAXR(n=25)

Table 4  Correlation between heavy metal concentration of chemical speciation and physical and chemical properties from soils and

bird droppings

JGZE Element JEZS Speciation AN % C A H i S e TP
¥ Zn F1 0.535** 0.541** 0.401* 0.582** 0.453*
F3 — — — — 0.640 "
F4 0.562** 0.580 " 0.517** - 0.637"*
F5 — — — -0.453 " —
i Cu F2 — — — — 0.475*
F3 0.509 ** 0.522** 0.402 " — 0.453
F4 0.646 ** 0.672"* 0.633 " — —
F5 0.465 * 0.424* 0.421" — —
B Cr F4 0.589 ** 0.620 " 0.570 " — —

#% fE P=0.01 /K L BEHMRE, = 78 P=0.05 /K L RBEMHK, — FIRPEE LTSI 2#3 X

(1) [FIHLRH A Pel 32 S HEE AR A B2 LR N C H FI S Py 5 i B m T RS 21 JFHS

FEHTIMAIE N T 13 Co Zn (Cu Ni G, USRS R G R E A —E MR, e
b 3 R A AU, Bl I R R B O B 3 RN 2 e S e X

(2) AHXS T 08 HPid TS L HAY 70, WS Co ,Cr Cu Zn FTEPEZS 4 i 10 2 eI R e ARG

& BT IS JE R R A2 AR SR H G AT 1 (R I S S AR TR PR S U B R BT e 3
BIEEGAHRENEFRY B, WP AT, EANITE KIS ISR, BAR ST —E R 1R
RIS PR T G S A F 1, (E RS A PR A i 35 i 2 BT, ) R G AT AL ] RE Lt B I
LS 5 2t A P M T BEARCER, T RE 2 S ECE GJR i e il
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