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Levels of heavy metals in soil around a medical waste incinerator: comparison
after five years of operation
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Abstract: In order to investigate the impact of medical waste incinerator (MWI) on the heavy metal deposition in ambient soil, a comprehensive soil
sampling and measurement program concerning heavy metals around a typical MWI plant in cases of pre-service and post-service after five years (2005—
2012) was conducted. 20 soil and 2 fly ash samples were collected, and 10 heavy metals, including arsenic (As), cadmium ( Cd), copper (Cu),
mercury (Hg), nickel (Ni), lead (Pb), antimony (Sb), vanadium (V) and zinc (Zn), were tested. Experimental results indicate that the
concentrations of all tested metals except Pb have the increasing trend. The principal component analysis shows that medical waste incinerator is not the
only source of heavy metals in ambient soil. Other potential pollution sources may exist in this studied region. Health risk assessment shows that Arsenic
concentration is obviously excessive in both non-carcinogenic and carcinogenic risk assessments. This point out that Arsenic emission should be strictly
controlled to prevent its deposition in the environment.
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COR B SR CHE A KRR (Kuo et al.
2007 ) , I 3@ i T W U0 A 8 KoK R
(Rimmer et al. , 2006). fy F 5 4 J& 15 1F H A 1R 98
AR 85 AR A BRI 5 AR ) R BRI, X A 2 AN 2R B
T T BV AE B B ( Weber et al. , 2007 ; Reis
et al. , 2007) , NTI 51 1 SCTE. AWFFE LLH VAL &
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e vh B 5 R KOF B o A AL 4R 5T o wa BYT be v
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2 #EIFFiE (Materials and methods)

2.1 RERARET &

ARICHR IR BT R B Be ) (b 2h 35.91°,
AR 12.00°) fi F# 7LALHR, 2007 4 5 H IF IR A
BAT. BERE IR T I B A A G TR A A BE B 4
AGBHH AL B 10 ¢ BT EY), RS RS
TR TE P A BE AT AR B A A M 1A R
35 m i A L 00 3 b s DX S R 2 KU
DX, i) B2 1 AR AL W A, & TR AT P ALK, %
A3 25 B XL e 77 e A B O 220k, JE FEL 1000 m A 3%
AR e SN B 28 %) BE R T S AN T L
(=354 2011).
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fr, B E 1 . AR (RE x '
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IERHFE (FEFA2 2 m ([ E 4 A 07 10 FELG A B
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Fig.1 Location of soil samples ( The numbers show the distances

from incinerator, m)
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) (GB/T15555. 2—1995) , ##% F& 2 ¥ # 47 HNO, |
HF F1 HCIO, % 0. 1 g 4 S0 i 19 8 A, T4 i 5 25
BT KEZ ) 50 mL. F| H ICP — MS Xf il (As) (5
(Cd) il (Cu) K (Hg) B (Ni) JH#i (Pb) (B8 (Sb) |
PLOV) ¥ (Zn) 55 10 Pl 4 Ja 04700

H I SPSS16. 0 GE it 3 k4 S PCA 4347 75 ¥
X 4 Jm & JE AT 48 1 28 Hr. Al A Preliminary
Remediation Goals( PRGs) X} J& i1 J& B o 47 {ak B XU
WA, o, PRGs J2& 36 [ BR B AR 71 & (US EPA) i 411
(OR=RiRSAUNNEIE A ORCE b= LB X 3 -RER TN
A E SCRAE R G e 3 Mo R AT 00 20 i 2 5 T B 2
T5 B W) A0 B E B 5 H AR, S AL 3 AT
FH H R AL 45 Tl Rl A3 (US EPA, 2012).

3 R FiTi8 (Results and discussion)
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AR 4R . B AR AT A,2007 AF AT Y
SR, K F 199.93 mg- kg HR R B, 35 F
79.67 mg-kg ™ ;% F ok 4 Bl &4 (23.53 mg-kg ™) |
fifi (17.96 mg-kg ') 56 (12.67 mg-g~ ') L (12.66
mg-kg ') HL(7.64 mg-kg ') H(0.87 mg-kg ) ;
Hg [ & i IRAK, 2 0.59 mg-kg ™' 1fj 2012 4F 3
SR RREA L Zn, 355 254,81 mg-kg ' Hik
S (153.60 mg-kg ') 5 & IR AR W Cd, R
1.37 mg-kg ™' N n] 1, B4 A0, Hofh 4 )8 #0 A
AN TR R B0 1 . G AR A R R R Y 2 L, A
7.64 mg - kg ' W F] 53. 80 mg - kg, M4 A ik F
604. 48% ; Hk 5K, L 0.59 mg-kg ' 4N F] 3. 89
mg-kg ' A 560% .

MR 536 B & Ay fE (GB 15618—
2008) ( HrAE A R E BR 8 AR P, 2008 ) L2012 4F
BERET M R ER T Ca NIV R & AR 1 3
Jot e A 3 — bR HE AR Z A1, AR R A A [ e
MR AR, o, RO RE A 1111% , 50 2 BR{E 1
456% B AR 1 58 o i J A P AN ol AT b — 2 A
HEZ N, Jo— AR X L B N AMIF IS R B, WF 5 XY
B JE S Y R T I HE S I B e I IX G K R W)
BB B+ 8 4 B & i ( Vilavert et al. , 2012)
5535 [ 21 3 2 b DX 1 A= 0 iz 3 B8 b ) i - 3
45 J8 & BEAH LW B A & AR (Rimmer e al., 2006) ,
B 53R 08 H - P 4y b 38 ) A i b S b 4 R AR
FE I B 2 AIRAR £ (Tang et al. , 2010).
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Table 1  Concentrations and temporal trend of metal concentrations in soil samples and metal concentration in soil around the typical incinerator
LA Gt/ (mg-kg™") 725 Al I i Bt Hoflh 1K 4 )8 5 it/ (mg-kg 1)
2007 4 2012 48 (2007—2012 4F) gl A Tl T ARER MR ET
As 17.96 39.66 120.0% 99.1% 79.3% 56.6% — 20 8.56
Cd 0.87 1.37 57.2% 456.0% 13.7% 6.85% 2.6 0.65 0.27
Cu 23.53 48.72 107.0% 97.4% 16.2% 9.74% 296.3 233 38.2
Hg 0.59 3.89 560.0% 1111.0% 97.2% 19.4% 1.0 0.50 0.04
Ni 12.66 18.00 42.2% 22.5% 12.0% 9.00% 48.0 30 16.9
Pb 199.93 153.60 -23.2% 192.0% 51.2% 25.6% 501.9 350 42.5
Sh 12.67 15.90 25.5% 159.0% 53.0% 39.7% — — 0.12
v 7.64 53.80 604.0% 41.4% 26.9% 21.5% — — 32.4
Zn 79.67 254.81 219.0% 127.0% 50.9% 36.4% 432.7 419 —
JsSan 355.51 589.74 65.8% — — —

Bl 2 B 1 BB Be b AN [F) BE R Y & SR AL A
Ja B A A B AT R A R R R R
HRAG P v, {ELBG R AN BT R, R B R G
TR A R B . Rk, A o B 3 2 3
BEBE 5 G W HE B0 5 W B/ AR X 10 SR AR
H X GER  S6 (725 m) (SO (1165 m) A g HY H 4
J& 5 B Y B B B IR, S6 b A Ry G I B 3T, 2011
AR — SRR B B AE B AE 75 SO 7 TR E T iE
55 B AR FH 31, 0 9 1 I 76 B 3 R AT JL A B8 R AR 0%
JLANEE 2 R, S6 I S9 Hf Ph(241.70 mg-kg ™' Al
422.50 mg-kg ') Fl Zn(340. 10 mg-kg ' F1 130. 70
mg- kg ") A E R B LT Collett %5 (1998) #F 55 %
Y, 5808 ) X J Bl - b Cd F Ph i & i A B
SN 5 4% 4 M6 SE (2005 ) BIF5E Ay, A 3 v B A ok U
FHE Tk A 7 A2z i Bz I A B K A T it A
K, o i b R4 )8 S Rie2 8 T HEn
AR A R
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Fig.2 Metals concentration distribution with the distance from plant
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Table 2 Metal concentrations in soil in 2007 and 2012 mg-kg ™!
AEY RREA As Cd Cu Hg Ni Ph Sh v Zn Mt
2007 S| 41.36 4.06 33.56 0.52 5.78 44.54 13.25 12.01 135.40 290.5
s2 28.68 0.56 16.29 0.67 12.15 95.54 14.12 5.53 70.01 243.6
s3 13.35 0.45 11.44 0.75 12.71 52.05 18.55 6.85 150. 10 266.3
sS4 57.42 1.72 80.34 0.28 6.77  1525.00 43.15 4.44 218.20  1937.0
S5 7.48 0.31 17.60 0.97 27.67 54.03 4.14 5.68 37.05 154.9
6 9.73 0.49 19.41 1.21 14.08 66.40 5.66 7.71 49.75 174.5
s7 8.24 0.28 18.49 0.42 13.15 28.45 10.20 11.95 34.24 125.4
S8 5.13 0.26 10.62 0.41 10.68 50.95 11.12 14.35 29.34 132.9
s9 6.76 0.35 12.74 0.21 12.05 37.43 3.22 5.91 44.01 122.7
S10 1.46 0.25 14.82 0.46 11.51 45.23 3.30 1.94 28.59 107.6
2012 sl 13.33 0.46 15.47 5.65 20.49 68.29 6.53 65.11 84.15 279.5
s2 13.35 0.55 12.26 4.48 15.71 58. 81 3.28 40.75 802. 40 951.6
s3 15.27 0.25 30.48 2.45 8.00 126.50 3.45 48.39 84.91 319.7
sS4 151.00 5.61 244.7 2.43 35.12 443.50 92.15 71.69 831.80  1878.0
S5 10.30 0.32 22.67 4.70 24.50 50.20 4.73 66.83 62.79 247.0
6 142.00 4.32 72.58 2.42 16.18 241.70 10. 04 46.53 340.10 875.9
s7 8.60 0.52 14.91 4.94 25.26 44.03 3.81 51.04 67.97 221.1
S8 6.48 0.38 16. 18 5.78 7.59 40.96 14.76 65.33 51.44 208.9
9 26.94 0.67 41.46 1.57 17.05 422.50 17.36 51.16 130.70 709. 4
S10 9.28 0.66 16.43 4.45 10.12 39.59 2.87 31.14 91.89 206. 4
IR 19.15 10.8 732.90  197.90  101.10 92.89  156.10 17.46 475.40 1804. 0

F A4 (PCL) k2N 52.22% , 5 Cu Hg Ni,Sb,
Cd AHC X R4 i &2 Sh PR B8 82 M 50/, BB+
Ao A SR K B R W, DR B — R R
W HERREE B B A AL 5 E 0 (PC2) AR R
7y 18.70% , 55 Pb il As A%, 55 = F a5 (PC3) 5T

RI TEPESEIMIEMT

Table 3  Rotated component matrix for metals in soils

B
EA
By 1 By 2 B4y 3
Cu 0.989 0.094 0.064
Hg 0.970 -0.138 -0.094
Ni 0.960 -0.137 0.098
B3 THERXKTFERSESHLER
Sb 0.927 0.269 0.113
Fig.3 Comparison of metals distribution in soil and ash
Cd 0.891 0.303 0.190
S 45 5 A B 8 ] I 5 2 54 o ooz ows  -oan
53T E 847 53 B ( Principal component analysis, As 0.127 0.698 0.576
PCA) ,PCA T B — o P 1 2/ i 1 2 £ ) o e o
. .. . N Zn 0.432 0.392 0.606
IR b 2 MO B A 25 AR, B —
o L | S S A 3 FEAEAE 4.700 1.683 1.587
P TR BLARFIE A > 1 O 5 AR 2R A7 0 k. 3% SR 52.221% 18, 695% 17 628%

?ﬂ?ﬁﬂ‘ﬁ% Varimax ﬁﬁ?’?}ﬁﬁﬁ3 /l\jiﬁiﬁj\&%ﬁ‘ FF R R 52.221% 70.917% 88.545%
IR AT, A 5 25 Bt ST A0k 88. 5% . o —
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TR 17.63% , 5 V Hl Zn A5G, Ny s e 1 B
B SCRAE S HIE 152 . 6] 4a FIIE 4b Bz FF 5
TRFEAEGY AR I 2 B A SR, O H S CKER
BIRE X EWRE R T R — TR R Z
Hb A AV AE TS e YR - R A B Y
AR, P RE 5 2 B VRO S B T b 0 £ A R
(Day et al. , 1975; Miguel et al. , 1997). k4h, 5%
2 3t A ol DA T 3 A T SR AN, T A B A R
By A 4 Jm (SR SF,2010) 5 [A) I, B4 80% ~
90% A= 7 By A FH A 7 A LI A 24 0F Blit T 4
| (Nriagu et al. , 1988). X LR 2+ B 48 1
TR IR

B4 2007 £ (a)f2012 5 (D) RRELBEHESES B E
RS 3 A (F X3 2007 4R HE A S 3R 2012 4R AL i)
Fig. 4  Principal component analysis ( PCA) of soil samples

collected in 2007 (a) and 2012(b)

M2 Al Ay R R T IR E R
S5 AR 1 A G BRAR, PR 0, e 3 7 B ST Y A
REEAT AR B0 XU B0 WU DFAl 3 e 749 AR B2
A SCH 2012 4F 4 3 4w 172 & & 5 5 [E EPA
Preliminary Remediation Goals # %€ B9 Ji B 4B 7 X %

A A HE AT XU E A (US EPA, 2012). 4] Sa
Sy A B0 R T 25 S, T BR T BR 2 4, Hft T
F W REERTE 2 A (VG B 2 P, B T
A (22 mg-kg '), HAH A F] 180% . [&] Sb JEEL
SR I B T A 45 B, R B fE 2 4 (11800
mg-kg ") Z PO T AP U AR . X 45 R 5 Nadal 4
(2005 ) BRI 5 45 SR AR — Z0, AL ATIA h Bl 22 T DA% 38
7 S R 25 [ EPA 4 G2 ) B0 XU 2 42 8. 0. 39
mg-kg ™) R AR A LG O AR 0 2R, B
i, B R 1S S N 10.9 mg-kg ™' (Martin
et al. , 2009) ;AR ([ TR A ), R E
Herh i S 11.2 mg-kg ' CRAER S ,2012).
ARG S4 R 0 B S ik 7E 55 B8 A 4T RS D 2
B R S4 6 T I b A7 7E H ™ R Y
K A R AL B G, 1 KA i R 68 B 1
RSO, P 22 5 B0 B A (F MBS
2000) 5 & — 0 B Rk 2 o B A WL B AR 24 9 fi T
(Nriagu et al. , 1988) , M, 75 I 20 % Hb IX. & fif 4%
245 1 £ .

BS 202 $ARRLBEESBIFRERR (a) BERE (b)
L&
Fig. 5 Non-carcinogenic risk (a) and carcinogenic risk (b))

comparison of metal concentrations in soils in 2012
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IR R, BT SR AR RS ) i AT 5 4R )5 A B+
HrhE e R T A A AR R AL, Hop, S i
IR, T ik B 254,81 mg- kg i
B KB g BL, N 7. 64 mg - kgt i F] 53,80
mg-kg ™' A E] 604% . 2012 4F 4 P K T 1
Jo g AR T b — AR MEE 1) 4 J8 KA Cu Ni fL VY,
SR bR IR ™ A B R A 1111 % 5 H P25, 35 5
FRAELAY 456% B BT A7 4 J@ % 1 0 76 1 3 o & e A
FHHLAN TV I — bR e Z N oy o BT &4 2R 5%
W1, BT IR W BER ) OF AN I J 100 4 3 vp 4 s Y
— VG YR I A AR e W R TS G R, A 36
EPA Preliminary Remediation Goals # 7 1t J& A4
T DX 22 A B AT XUBS: PP AG W 52 2R B, i 7 3 B0 X
I 0 00 XU B PPl v 2 AR, o 00U sl D i R
TR R AE SR EAT T BT IR W R A
0 M 4 U W RE O A E ST AEAT BE Z A BE SR
VE VLR i 1 ik B2 7 R ) B8 08 ) ) B3 05 S N
A F fkt B
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