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Pollution characteristics and evaluation of heavy metal pollution
in surface soil around the Biomass Power Plant
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Environmental Health Risk Assessment and Research Center, Beijing, 100012, China)

Abstract; Biomass energy was an important renewable energy source developed and utilized by
China and the rest of the world. However, it was still in a blank in the polluted evaluation of biomass
power plants and the safety assessment of the surrounding environment. In order to investigate and

evaluate the pollution levels of heavy metals in the soil around biomass power plants, according to
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the principle of point source sector layout, a total of 26 soil samples were collected at four different
distances around the biomass power plant, and away from the power plant area. According to the
{Technical Specifications for Soil Environmental Testing) ( HJ/T 166—2004) , the contents of 12
heavy metals such as Cr, Mn, Ni, Cu, Zn, As, Se, Ag, Cd, Sb, Hg and Pb were analyzed. The
results showed that the average content of seven heavy metals such as Cr, Ni, Cu, As, Se, Ag and
Cd were higher than the average background value of Anhui Province, and the content of Cr, Cd and
Sb in its perennial dominant wind downwind direction were higher than that of the control Point, the
difference was statistically significant (P=0.03). The Cr pollution in the soil was the most obvious,
with an average concentration of 246.5 mg - kg™ (48.9—1267.4 mg-kg '), which was 3.4 times
(1.1—6.3 times) higher than the second—level limit of the National Soil Environmental Quality
Standard. The maximum over-standard point was 1000 m of the perennial dominant wind downwind
direction. Compared with domestic and foreign research reports on soils around other coal-fired power
plants, the levels of Cr in soils around biomass power plants were much higher than those reported in
the literature. The single factor pollution index method analysis showed that Cr had the most serious
pollution , followed by Se, the hazard level was heavy pollution, Cd was moderate pollution, and the
pollution point was distributed in the perennial dominant wind downwind direction and sub-dominant
wind downwind direction. The Nemero comprehensive index method analysis showed that the soil
around biomass power plants were generally polluted by heavy metals. The perennial dominant wind
downwind direction and sub-dominant wind downwind direction were 5.2 and 4.1 respectively, which
were heavy pollution, and the Mero comprehensive index in other directions and control areas for 2.7
and 1.6, it was moderately and slightly polluted. The comprehensive potential ecological risk analysis
showed that Cd, Hg, Cr and As contributed a lot to the comprehensive potential ecological risk. In
summary, the soil around the biomass power plant was polluted by different levels of heavy metals.
The unique pollution characteristics of Cr deserve serious attention in pollution monitoring in soils
surrounding the biomass power plants, and the pollution was mainly concentrated in the perennial
dominant wind downwind direction, sub-dominant wind downwind direction, dominant wind
downwind direction 45 degrees angle, the distance was 500 and 1000 m. Based on the results of
principal component analysis, considering the content and spatial distribution characteristics of heavy
metals in the soil around the biomass power plant, as well as correlation analysis and cluster analysis
results, 12 heavy metal elements were divided into 4 categories; (DMn, Ni, Zn., As, Se, Ag, Sb
and Pb; @Cr and Cd; @Hg; @Cu. Among them, the first and third sources were mainly affected
by soil parent material ; the second type of Cd and the fourth type of Cu source were mainly affected
by agricultural activities; Cr was likely to be derived from the diffusion sedimentation of biomass
incineration flue gas and its in soil. Accumulation, Cr pollution should be paid attention to in the
investigation of soil heavy metal element pollution around biomass power plants.

Keywords : biomass power plant, surface soil, heavy metal, pollution characteristics, potential

ecological risk, chromium.
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1 MBS 75 ( Materials and methods)

L1 R JEREE
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PMIEFEY) 35 T1 1, B4R ) 25 SRR 15724 1,2018 45 R 4545 0] S5 A Al b BEL A ) i 4 km 8
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1.2 gifoidi s SR AR
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Fig.1 Sampling sites in soil around the biomass power plant and control point
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Table 1 Soil environment quality classification
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2 ZER511E (Results and discussion)
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TR pH (B 6.94(6.62—7.28) .Cr \Ni ,Cu \As Se [ Ag Fil Cd 5 7 M E &R ITR -4 & &5
LA HHEF I RE, Cr 2B R HAY 2.9 £5(0.74—19.06) ,Cd 2 S {HAY 1.6 £5(1.0—2.8) . 11
R Cr B YHR R 246.5 mg-kg ™' (48.9—1267.4 mg-kg™" ), Ho 4 ANRE S 5 1+ 3B 58 i B
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AT RUR KU R 3 XU XUE] 45 °C 9 £ 500 m, B R FR AL S T 325 XU XUA] 1000 m Ab. 765 4F
FFHF R L3 Cr Cd 1 Sh it TS, B2 A48 L (P=0.03) FEWLF% 2.5 E NS
BRI T JR 2 - RIS $E DL SOZ XN 53 b — A8 4T 10 AF R T X T L (32 3) , B
AERL) R HE R Cr A8 B2 v T 1R SCRHIRARE A% X s P AR el ) i 32 39 A R IR 5 Cu Zn
As Fl Hg A& K 0T FrA R e T JRL 3 3R BE S Cd AN Ph (18 85 B /KK 2 5% BE G 0%
SRR 30 5 N ) B B KT T2 X P A AR F i BRI A I T Sk i

Cr VR TR 4 HUBE S S TRkL R 40 BN Yy 2 BRI AR AT, A 8 Ab B ik b B
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2.2 HEEJEICEA WS RHIE
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—a— PG F R 45798 /) Dominant downwind direction 457 angle
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Fig.2 Spatial distribution of heavy metal elements in soils at different distances around the biomass power plant

2.3 HETE AR RO NG S 15 R BO TN

AP miRer ) L R 2 ] T E S BT RTGY  mRRERE h E SR TG Y (R 4) N PE,
TR RRER JHh R B R ICEM POl 0.3—20.2, X BE S Y PR 0.5—2.0. 5w Cr 7E R 4E T
SRR A 500 m A1 1000 m UK IR 325 KUK KU 500 m (4 P50k 7.4.20.2 F112.2, J@ B V5 4y, %)
HE S TS 4 (1.0) ;Se ZER 5 XU R XA 1000 m A1 5 XU XA 450396 £8 500 m /Y P>~ 5.8 #17.8, &
THE BTG X RS RS 4 (2.0) 5 Cd 7EFAE E 5 KT KR 500 m 11000 m (19 P,2A 3.8 F13.7, J&

VG gy WRE SO RE Y (1.6) s e 9 Fh & @ U R AERS A S0 s o5 Ye ol B2 5 4 (0.4—2.3)
Xt B 5 8 JCT5 Y s R 5 4 (0.5—1.5) NP1 &/, HIEh R E 4B IR A PI Ny 2.7—5.2, )8 T & Falrp

FEVG B 6 BRASHY PL Ry 1.6, J& TR B TS g P e 5 4 3 5 KU U] AR 32 AU IR ] Jeg o0 3235 4 (P
F52H14.1) , G RUF KUm) 4509 A E AR 325 XU XU D7 )@ TR TS Y (PL R 2.7 F12.8).
2.4 WBTEA S PEAN

AW RER ) R E S R T R AR AR S KR R SRR (R S) N ELER, Cd FER AR
SRR XU 500 m A1 1000 m B EDSR 113.8 F1 110.0, 3k 258 A= 2565 %, xF BR 5y v AR 5 16
(48.0) ;Hg 7EH4F £ 5 XM _E XA 1000 m (9 BN 73,7, KB A5 faF 5t B R S e F
(20.0) ;Cr ZEHAEF XA F XU 1000 m () E N 40,5, ik 8 i 46 4 2515 5 0 ISR R E B e F
(2.0) ; HE6 FESEITR N RMESGEH(0.3—17.1).
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M RL A, AW Ffer) & b 4Rt A RIZE 101.7—135.1 Z Ja], Horp 7E 4 4 3 5 XUF K
] R SRR KU R 32 S K0 XU RT 430590k 135.1,116.6 F1 126.3 ik 3| i &4 5153 7 F AT K
] 45° 3¢ £ A6 BES RT A 109.7 F1101.7, KB A /6% .Cd \Hg .Cr A1 As XF RI B BTk B, Horp
TEH AR 5 KR XUA) Cd F1 He FIBTHRIA 67.0% , Cr Y TTRAIA 10.1% , As FOTTHRIA 10.0% , Hoe 5 FliiE 4
JEICEAL Y 12.9% ; 1 H &5 [ X BE 250 Cr B9 5THk A 2.0%—7.8%.
2.5 E4EJRITTERBEHEN
2.5.1 AHXMEST

FHOCHE T T 1z T 4 b 8 4w JT 2R R IR HE L AR GE Y Pearson AHCHE /3 #1452 I3 6.Cr
55 Ni Zn,Cd #1 Pb,Mn 5 Ni As . Se fil Pb 4 10 i H &R U R Z BAF7EE 19 B F N IEMHCK R, H
H Cr 5 Cd il Zn Mn 5 As Ni 5 Sb . As 5 Sb Ag 5 Hg l Pb Hg 5 Pb Z [BIfF7E 5 M 0 3 10 IEAH G
Z(P<0.01) , 18] Cr.Cd fl Zn,Mn F1 Ni,Hg #1 Pb A] e A AH R ER 42, soe A A0 R B9 75 Je i, 5%
SIS YRS AN Ni 5 Zn BT As Pb,Cr 5 Pb,Zn 5 As #il Cd, LA S Mn 5 Se Z [A] L #f
HA—E MR,

®6 JHNERRLIEESIRITR ZAMHR R

Table 6 Correlation coefficients of heavy metals in surface soils

:::1)5 Cr Mn Ni Cu Zn As Se Ag cd Sh Hg Pb
Cr 0.895 0024 0681 0000 0405 0771 0372 0005 0232 0581  0.035
Mn 0.036 0.014 0883 0401 0004 0015 0302 0381 0014 0377 0512
Ni 0.561* 059" 0076 0010 0012 0110 0076 0079 0010 0434  0.044
Cu 0.111  0.040 0456 0770 0787 0415 0651 0077 0927 0483 0410
In 0.856** 0226 06227 0.079 0.041 0228 0198 0011 0052 0804  0.028
As 0224 0675 0.609° 0074  0515" 0.061 086 0290 0001 0630  0.349
Se 0079  0.59%° 0415 -0219 0320 0479 0199 0631 0013 0820  0.564
Ag 0239 0276 0456 0022 0340 0348 0339 0.5 0035 0000  0.000
Cd 0.667°* 0235 0452 035  0617° 0282  -0.130  0.158 0457 0769  0.067
Sh 0317 0.601°  0.623°* 0025 049  0.729**  0.604°  0.531°  0.200 0312 0.082
Hg 0149 0237 0211 018  -0067 0131 0062  0816** 0080 0270 0.004
Ph 0.520* 0177 0.500% 0221 0.548° 0251 0156  0.871** 0469 0448  0.673""

1) :N=17; M F R IR RS i L7 VKR P AH; = . (BB & (P<0.01) 5 % . P (HEB#(P<0.05) ;1) : N=17; the lower left of the table
was the correlation coefficient, and the upper right was the significance level P value; * * ; the P value was extremely significant (P<0.01); # : the P value was

significant ( P<0.05)

2.5.2 BT

K FHA A1 B3 A7 A8 R e AL , B B 00 R S 7 BRECHE B8, X6 12 Fh e 4 J@8 Ju R kAT R 2853
Br( & 3) AEAYBihEr ) 4 1% Ni Cu.Zn . As Se Ag.Cd . Sb . Hg 1 Pb % 10 #h & h—2&, Cr Al
Mn 4% [ B —2 ; % B8 5 4% Cr Ni Cu .Zn As .Se Ag .Cd.Sb Hg HI Pb 5 11 3 Ky—33% Mn HHi—
25 Mn S HAE R HHE [ ARIEFRUCE , 2N TP w0, 3 B A2 i R R R A
AEN R B RE L) R - RS h Cr S A2 B B &R By 5 .
2.5.3  EWS T

22 KMO i 561 Bartlett BRIERIIR (P<0.001) , FRL 0 Hrés R HA Goit 24 AR E R T 1 )R
W R HR I 4 A F 537 2% Bt TTmk 3635 85.61% (3 7) , KWL LS RAE—E FLHE T REAS £L 50 Hh Iz e
AW RE L) I 4 T FOR TR G L.

FAY 1(PCL) BT 2Z BTl %l 42.54% ,Mn Ni . Zn  As .Se .Ag .Sb 1 Pb #}E A % K 4 1F 25 fif. Mn
A H N 3 ARIEARFOC R A2 AN T i /N, 852 e R A S S B o % N Rk
E T S S R RN RSB TR~ S A AR A R E SRR S A AR
DLBARSCHE RIS Hra S, nl F W PC1 2R IR T L HERE T 5. T3 2 (PC2) WY U7 22 BT lRR A
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17.44% ,Cr F Cd ELAT 5K E 2 o7 35 0 2 3 (R HH 38 P 439% 8 Cr ok A T RAVIREY , F 2ok A T4
Wy ERA RS v Tolk SR AL T )RR YR SR M AR U 5 ; Tao 250 R Wei 25 F ST R
R B Cd ok B TR . B 1E A SRR 0 32 22 50k, AR B &8 K i FEoo &, (Hn T
R SR A 0 AE TR BEAR T Cd (95 R 1.2 mg kg™ 4RI 2014 4R X BB AC B 49 8.2
kg, THFSEEKOE K i i B AE it FH 6 S8 25 S 350K S 4 J Rt i AR T 38 5 A 4 VR A T 5
M) 4y sl A AA e e T HE KT PC2 AT RESZ B R TS YL sg . =155 3 (PC3) [ 22 Tk N 15.90% , Hg H.
BERRIEFR AT ASCHES Tt R He 5 HAh 4 & (A G HE AR, He 20k B T8 B k. i 4
(PC4) 7 ZZTTRRRN 9.73% , Cu BA B KIE AT, Cu AT A H A% 3, ) dn7e Fp it A bt FH 1 &
Cu 25 (AR5 M H1Erp Cu W&, Hig e 2 F 20k § TR

(a) 44 I%fE L) Biomass power plant (b) XFHA s Control point
0 IS 1 P IIS EE] 215 0 '5 IIO |I5 EIO EIS

Ag 8 Cd 9

Cd 9+ Hg 11
He 11 AgsH

Se 7 1 Se 71—
Sh 10— Sb 10

As 61— As 6

Cu 4 Pb 12
Pb 12 Ni 3

Ni 3 Cud

Zn 5 Crl

Crl Zn5—

Mn 2 Mn 2

B3 Ay maed ) AR S RIErh AR TR N R AURE

Fig.3 R-type cluster analysis dendrogram in soil around the biomass power plant and control point

R7 EVTRER) A G R TR E R T

Table 7 Rotated component matrix for metals in soils of the surrounding of the biomass power plant

FEEILE F 843 Principal component

Heavy metal elements PC1 PC2 PC3 PC4
Cr 0.612 0.648° -0.239 -0.303
Mn 0.619* -0.487 -0.263 0.331
Ni 0.852° 0.073 -0.134 0.301
Cu 0.252 0.371 0.275 0.762
Zn 0.759* 0.410 -0.316 -0.281
As 0.720°* -0.295 -0.338 0.184
Se 0.510° -0.596 -0.342 -0.194
Ag 0.714* -0.204 0.599 -0.230
Cd 0.559 0.634* -0.058 0.157
Sh 0.793 -0.348 -0.167 -0.044
Hg 0.416 -0.288 0.827° 0.033
Pb 0.760° 0.186 0.533 -0.252
FRE(A 5.105 2.092 1.908 1.168
T TR % 42.541 17.436 15.898 9.730
2 TTHRR/ % 42.541 59.978 75.876 85.606

1) ETFREBOE R FE T (PCA) 5 i€hs J7ik M IE A4 5h7 (varimax with kaiser normalization) ,a /82K >0. 4;1) The factor
extraction method was principal component analysis ( PCA ) ; the rotation method was the orthogonal rotation method ( varimax with kaiser

normalization) , and a indicates that the load was> 0.4.
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g3

3 2512 ( Conclusion)

(DAY miner) R HIEh E A B T Z 5 Y i, Cr AATEBAR. 5 LU B3 SEAM L, Cr Ni
Cu.As Se Ag Fll Cd 4 7 MY EE & @ 0 T3 & & TR BE 07175 508 Cr Ml B R +HEREE R
T A P M - 3875 Y XU A P bR v (A7) ) (GB 15618-2018) H1(6.5< pH <7.5) XU i e 18, fx KM bR
FEBCR s F 2 XUR KU 1000 m A 85 4F 32 5 XUF XUm) 138 Cr Cd F1 S 7 2 X0 IS, HL 22
SAGIFE X (P=0.03).

(2) =W ianer ) R D Cr FE28 [0 50 A0 5 2 b 3 T KUl 25 DIAE G, 75 s DR TS e 9 93 A
SRR AR S KU XUm) 1000 m 58 b B iRy, 20 WA R R R R RN W T R, S T
HE S 7K

(3) A=Wy paier ) JRliL b A 4 U R 1975 YR B Ol E R el b B TS Yy AR AR XU A v A Bl
B21.Cd \Hg .Cr Fl As MY TTERFEE KX L5 G I FEAE S AE R R 20 (RL) A9 DTRRZ8 30K X RE SR B iR S
i .

(4) BT EWRA TG A HF EA Y Re ) H 3 4 5 4 8 T E 1 & i A B A
FEE LA BAHSCHE S BT MR 23 285 21 4 12 AR 428 ot 2400 4 25.(DMn \Ni Zn | As Se Ag.Sb F1 Pb,
@Cr fl Cd, @Hg, ®Cu, HH e 1 25R1EE 3 JE I 82 IR, 45 2 257 Cd A% 4 26 Cu IR
FEZAMG SN, Cr AR T BEVR T A= 4 03 36 B R S 4 BT I B FLAE 38 v i) R e AR W iR HL T
JA ) - A SR T RIS YL A Cr V5 Y 37 B T
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