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Sources and risk assessment of atmospheric heavy metals in the vicinity of Dabao Mountain mining area. WU Kai-zhang'?,
LIU Ming”, LUO Zhong-hua’, CHEN Lai-guo®, CAI Li-mei', WANG An-hou*, ZHENG Yu®, LU Hai-tao* (1.College of Resources
and Environment, Yangtze University, Hubei Key Laboratory of Petroleum Geochemistry and Environment (Yangtze University),
Wuhan 430100, China; 2.South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangdong
Provincial Key Laboratory of Water and Air Pollution Control, Guangzhou 510655, China; 3.Boluo Institute of Environmental
Science, Boluo 516199, China; 4.State Key Laboratory of Regional Air Quality Monitoring for Environmental Protection,
Guangdong Ecological Environment Monitoring Center, Guangzhou 510308; 5.Shaoguan Ecological Environment Monitoring
Center Station, Shaoguan 512026, China). China Environmental Science, 2023,43(12): 6270~6280

Abstract: To understand the pollution characteristics and potential ecological and health risks of heavy metals in atmospheric PM, s
around Dabaoshan polymetallic mining area, PM, 5 samples were collected and analyzed for 15 heavy metals including Al, Ti, Cr,
Mn, Ni, Cu, Zn, As, Mo, Ag, Cd, Sn, Sb, Tl and Pb from August 20 to September 10, 2022 and October 18 to November 8, 2022, at
Tielong Middle School, Tielong Town, Wengyuan County. The positive matrix factorization (PMF) model was utilized in conjunction
with correlation analysis was to identify the source of relevant heavy metals. Additionally, risk assessments were conducted
employing both the potential ecological risk model and health risk model. The findings revealed that out of the fifteen metals
analyzed in atmospheric PM, s, Al, Zn, Pb, and Mn exhibited the highest concentrations, collectively accounting for 87.8% of the
total measured metal concentration. Their average concentrations were determined as follows: Al (112.70ng/m?), Zn (11.96ng/m®),
Pb (68.53ng/m*)and Mn (26.82ng/m’). The remaining heavy metals displayed average concentrations ranging from 0.12ng/m’> to
7.99ng/m’. Variations in seasonal distribution of different metal elements were influenced by the emission from different pollution
sources under varying wind directions. Atmospheric PM, 5 primarily contains heavy metals originating from six main sources:
cement production (13.8%), metal smelting (24.6%), dust sources (13.7%), sludge disposal (19.4%), traffic sources (9.4%), and a
composite source of natural sources and agricultural sources (19.1%). The results of the ecological risk and health analysis evaluation
showed that the comprehensive ecological risk level of heavy metals in the study area was classified as “strong”. Specifically, Cd
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posed an “extremely high” ecological risk, Sb exhibited a “strong” ecological risk, while the remaining heavy metals posed a “slight”

ecological risk. The overall non-carcinogenic risk from heavy metals was relatively low. However, Cr presented a significant

carcinogenic risk, and both As and Cd carried certain carcinogenic risks.

Key words: PM,s; heavy metal; health risks; PMF model; source apportionment
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Fig.1 Schematic diagram of the sampling sites in the study area

1.2 FEMRES T

1.2 FERCRAE RIS I8 @ IR 5 2 S0 4K
FESS(ZR-3930 Y, 75 & At ) BEAT AL, K RE T ik
5E N 16.7L/min. 3K FF JBE A R 5K 8 U8 I (47mm,
Whatman), 5 R RAFEINHK A 23h(8:00~K H 7:00), %%
7d R AT ERE S BRI ZERAE, R I 8] 43531
k2022 4E 8 H 20 [H~2022 4E 9 H 10 |1 2022 4
10 A 18 H~2022 4F 11 H 8 H, RFFIIME =155
WA 27.6°CL LR KA PR G R 1.2m/s; 7K E=
SRR 20.5°C, 3 T RUA) A T R RGP RS
1.3m/s KAL) R LA B2 =00 3, F IR0
30.2%, LN . 10 22 H il RS EEA ]



6272 o

A 43 %

PO R 2 R AR IR, LT 43 N 30 .
1.2.2 PR BYEC— PR RIS N
23k 10%6Mr R THAL BR G IRIRE SRR TH 8 9, NN
TF7K 10mL, B 08 SR A 1155 980 1T 56 4 42 fio, 90 5
10min, 17 J K 77 fiff S T 5k 3 8 A1 (MARS,
USA) i fift .11 filt it &2 ¥ aE A 200 °C ¥ it N 8] 4
20min. f 7 il 56 I, I H i A S 2042 4 A1, DLEB 2l K
WL RE INNZ) 10mL #4E/K, 5 1k 30min
IR EOE R IFERR S0mL, M H IR A
248 B AR TS A (Nexion  1000)3EA 7 52, W 5E 42 )
JLEMFE Al. Tiv Cr. Mn. Ni. Cu. Zn. As. Mo.
Ag. Cd. Sn. Sb. TI. Pb % 15 Ff.
1.2.3 JEPEHISRE  SICREEET AT R
2, AR 5 A R AR R 2 AE 5% LA, 28
FAE SR T 7 VE A B, U A5 E ) 0 (ERM-S—
510204) %4 & 7t 2 IR TE R 72%~113%.
124 HEHHT SAE PMys MIESE K H MW
IR J 1] 0 AR J4 5, H] IBM SPSS statistics
20 HAFREAT HE 48 6 2 I AH SN E 73 47T EPA PMF 5.0
PAFHEAT B 43 (R U AT
1.3 1F5E R34 B (PMF ) A5 AL 5 A A7

PMF A5 28 A SR A 1 b i v ke D] 7 28 i A ERL 7
353 SR B 20 o e T R 3 A 1D 4 R
BARL, A543 280 PR 9050 1 0 0 RN I o ik 26 EL A mT e
ELRNOL 7/ = AR = O/ W)

%=i%%+% (1)

A i GO X NS MR R 2R j S TeER
AR TR L Gy A K USSR i NFE S I DR Fi h K
PSSR AN TUER B BRI Ey IR SRR
Hbr & £ O T A0
n m Ei/'
b 0 b HarerEun AR Eem e 546U
N AR RS AN TCER AN E S, 2T 3R/
TAE TR H BR(MDL) I, ANff o 52— A HU MDL [ 5/6,
TG FURPE TS RS AN s BT 20N
U, =(6%CY +(0.5MDL)’ 3)
228 A AR 22, — R 5%;C b B4 J@ JC R IR
1.4 FEJE XK TE
1.4.1  WAEAES RS T

AR AR S XRARZL(RD)

VR A HOR VP A < 0 3O AR S R G AE X
6y, LA FE 4 JeB 1 % 2 R0 AR 40 1 3 1 A Dl iR 4
P, S R A 355 v R B < Je P 5 R A 2 T G 1)
CRE S NE RS A IRECE R SR SR
TS A S R R R T S A R

T
E}—CEX[CWJ 4)

N E, RN TE B LS RET, L8 E
G )a i EEtE g N R H L Tiv Mn AT Zn §U 1. Cr
H{ 2. Cu. Pb FINiH 5. As H 10, Mo H{ 18, Cd
Y 30+ Sb Ht 401" ¢ AR T 4 (K ST C,
FoRN N A T R AT IUR R R A JZ
358 J LA A4 A 1 S B A A 2 U 23 b
HEUN K 1 TR,

F1 BEETSRE S RERE

TableEl Potential ecological risk classification criteria

E; RI ER
<40 <150 B
0~40 150~300 ik
80~160 300~600 GiY; 3
160~320 >600 FRE
>320 — 5

RN T R H .

1.4.2 AEERREEPHY K PMys TR G | 1%
SR SR PR R SR B A A 3 gt
HEN A, WX A A At 3 ik £ 3 UL AR
5 E P ORE (USEPA) A X SR BR 1580, 275 US EPA
(Exposure Factors Handbook ) PO HIZE 2 FR 854 ¢
[ AR5 55 2 50T ) PO RT3 26 S ST IR 9
SR PM, 5 5 4 8 S P N R A2 A
A RSP A R LR, JEAT VAT TR A U
ADD=C><InhR><ED><EF 5)
AT xBW
X :ADD 28 T W R B I R A & ) 1 R
mg/(kg-d);C A4 T 42 8 UG % 1 92K I ;ng/m*;InhR
PR G m3/dEF DAy 5k B A0 d/as ED Dby 5k iR HR 48
I IH), a;BW WK, kg; AT S 73 B 82 i) 1], d.

1 F 7 4 J8 o0 3 AE B0 KBS (HQ) M HE 42 J8 Ju 3%
B KRS (ILCR) A Ay DPAty < Jeg 38500 XU 1 B0
AR RRE AU PRI B4R b HQ Al ILCR [ H A A 0 i

HQ=ADD/RfD (6)




SPLTE A KSR X 1R < R A VP Al

6273

12 141
HI=>"HQ (7)
i=1
ILCR=ADDxSF (8)
TCR =) ILCR 9)

i=1

%A HHT A1 TCR 473 1 A4 2 0 4 s 1) A1 3500 )RS Al
B RS RID A2 2% 7] mg/(kg-d);SF g I 5 5
Fom BRI mg/ (kg d); AR RUE W 2 Pros.dEE
Jei UG L 58 bR vE U R HQ/HI<I, Ak S0 K6 B A
HQ/HI>1, 47 7E Ak 20 KU 350 KU T bl
ILCR/TCR<10"°, 15 ] & X % ;10 *<ILCR/TCR<10*,
AFAE— 5 FLJE (e XK, TLCR/TCR>10 * 740
EANES S o8

*2 SERNEMREERTHRE
Table 2 Reference dose (RfD) and slope factors (SF) values

HiH RfD™ SEDI
Cr 2.86x107° 42
Ni 2.00x107 0.84
Cu 4.00x107 —
Zn 3.00x10" —
As 3.00x10* 15.1
cd 1.00x10 3 6.3
Pb 3.50x10° —

T B TR AR,

2 FR51E

2.1 KA PMays WP EL G @ W B A AT RFAIE

211 EE&EIRESAA CRAEHRPERX KA
PM,s HIJW R 25 png/m3, #KZ= PM, s H WK &
(29ug/m?) i T 2 2 (21pg/m?).PM, s 1 42 )& 1 H
YRR Ny 250.54ng/m?, % T4 8 I MK E] /)
HEP Ik Ay :Al. Zn. Pb. Mn. As. Cu. Cr. Ti.

Sn. Sb. Cd. Ni. Mo. TI. Ag(& 2), 3% Al
Zn. Pb Hl Mn PU 23 5 2 F by Jir DU 20 4 J s 3t (1)
87.8%. 1 ¥4 ¥ & 43 Al 4 :112.70,68.53,26.82  Fil
11.96ng/m’. 5 R85 45 /< )5t &8 b5 v (B3095-2012)
LL#e, As B S TARHEE.ALL Tiv Zn. As. Ag.
Cd F1 Sb 73 nil T R4 175 S 16.9.9.2,
0.9. 0.2, 0.2, 30.6 1 3.3 %, ¥t B KU A H]
S TP ESEBEN R @Mk 5y T
bk T AR EE (R 3),Cd 23 i 2 vk BRI 1.3
fE R 2.3 % (AR T Jb st A s 12 cr i As S5
BRI 2.0 F1 2.8 £%,Cra Cd. As Hl Pb [k &
SRR AR ZE TP 1.2, 1.7 1.8 Fl 1.5 1%, 5k r
xR B X AR B Min (R 9 3 MR, A 4R
TG VR AR 25 R K M ) P L A e R
DX POV T 4 i ok S ARG v, e R P IR S 20 R
AWEFH 10 £5, 510 X LA B8 min o =
LTV LEZ

1000 [ 125%~75%
L T 1.51QrRA LN
100 HEJ — gk
. : = B
s 8 . SHEE
~ 1o s .
£ N D HE
2 ot T :
w -
2 ool ﬁ é
0.01 |-
0'001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Al Zn Pb Mn As Cu Cr Ti Sn Sb Cd Ni Mo Tl Ag

B2 BB 5 I B2 0 AR AR
Fig.2 Concentration distribution characteristics of

atmospheric heavy metal in Tielong Town
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Table 3 Comparison of heavy metal concentrations between certain elements and those in other polluted areas(ng/m’)

Cr Ti Mn Ni Cu Zn As Cd Pb ERPYN
5.5 — 12.0 1.0 73 68.5 7.8 13 26.8 FNTIS
— — — — — — 6 5 500 [24]
10.5 — 449 9.5 33.7 236 112 22 78.6 [1]
6.6 — 36.1 — 9.4 206.4 112 1 58.4 [2]
9.3 — — — — — 67.1 0.56 31.0 [25]
— 56.0 55.9 24.4 48.7 666.6 91.4 32 179.9 [26]
27 — 342 1.3 428 82.5 28 — 64.2 [27]
4.6 — 19 1.9 11.7 109.8 47 0.7 17.9 [28]
— — 60.04 2.65 10.33 64.96 3.14 0.73 23.15 [29]
29.4 — 28.9 47 — — 58.9 19.1 263.3 [30]
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Table 4 The results of the correlation analysis of atmospheric heavy metal elements
JLHE Al Ti Cr Mn Ni Cu Zn As Mo Ag Cd Sn Sb Tl Pb
Al 1
Ti 05327 1
Cr 0.208 0.487" 1
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Cd 04797 0550 03137 0736 04127 0482 0.793" 0541 0.695" 0.566" 1
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Tl 0.141 0593 0294 0241 0019 0227 0292 0559 0516" 0.788" 0464 0270 0.614" 1
Pb  0324° 0383 0023 0399”7 0222 0467 0315 04037 0236 0257 0462 0469”7 0.616" 0225 1
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Table 5 Single—factor index and comprehensive ecological risk index

JLH Ti Cr Mn Ni Cu As Mo Cd Sb Pb RI
P 10.19 0.31 0.07 0.51 3.47 11.76 1.75 946.57 172.08 4.5 1153.09
BME 32.31 0.98 0.19 2.45 19.2 44.52 4.85 287491 73833 11.99 3735.37
/M 0.07 0 0.01 0 0.29 2.11 0.18 3.83 13.96 0.87 21.5

*6 EzREERXMEITN

Table 6 Assessment of health risks associated with heavy metals

JLE JL3E ILCR &\ ILCR TCR JLEE HQ A HQ HI

Cr 1.06x10™ 7.14x10°7 1.77x10™ 7.56x107 2.04x107 2.80%X1072
Al — — — 1.11x10° 2.98x10° 4.09x10°
Mn — — — 1.57x10° 422x10° 5.79x10°
Sb — — — 231x10* 6.23x10* 8.54x10*
Ni 3.78x10 7 2.55%x107 6.33x10" 1.93x10 ¢ 5.19x10° 7.12x10
Cu — — — 7.16x10 1.93x10° 2.65%x10°
Zn — — — 8.97x10° 2.42x10° 3.32x10°
As 5.53x10° 3.73x10° 9.26x10° 1.05x10° 2.82x10° 3.87x10°
Cd 3.74x10 ¢ 2.52x10° 6.26x10 ¢ 5.08x10° 1.37x10* 1.88x10*
Pb — — — 3.01x10* 8.11x10* 1.11x10°
Total 1.65x10* 1.11x10* 2.76x10* 1.08x10 2 2.91x107 3.99x10 2

YRR A K.
3 #Hig

31 AR KAESEFHRETEEA 0.12~
112.7ng/m’, 3t Al Zn. Pb. Mn &8 4 47,5 2l
&)@ MR E I 87.8%,Ni. Mo. TI1 Al Ag it Jiz DUy
KEEREKRE S TEFESEICRNE 0 M
RHAIE 5 AN ) AU ) 1 550 B A [R5 GeditHEich k.

3.2 WX KAESEF LA 6 MK, 34K
EFE(13.8%) SBIRIHQ4.6%) #AIE(13.7%) 15

VAL B (19.4%) ACTYR(9.4%) HARFIRNL I E A5
(19.1%), 75 B i e VIR A 14 e va A5 Ye ik
B AN 0 Cdy Zn F1 T 24 JE HER S A E £

3.3 WAAESNRL SRR A EL B
BN SEH N EI S ELEN B 254
Cd(946.57)>Sb(172.08)>As(11.76)>Ti(10.19)>Pb(4.5
0)>Cu(3.47)>Zn(1.89)>Mo(1.75)>Ni(0.51)>Cr(0.31)

>Mn(0.07),Cd i 3 1) A2 25 AU 55 20 4y Bl 5k, Sb X6 Ry
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FAE A RS A5 4 A5 Z,Cd Al Sb &4 & A A KUK
RI 1= 00wk, DTk I 90%, MY 4 3 O, Cd
TR T4 B IR R (61.1%) M5 e &b E (16.6%),Sb
YR T /K Ve A2 77 (29.8%) FIAT I Y (29.2%).

3.4 WX ELJE MBUE RSN 2.76x10 M IAEEL
P U A 3.99x1072.Cr 1) s B0 KUK K T 104,,\ﬁ
35U UK As 1 Cd R EUE KUS AT 107~

2 18], BAT — 2 1 30 KU F)fﬁﬁé)%ﬁ’ﬁtﬁzﬁﬂ
B34 AIR, Cr 5 2500 RS R E S50 AU Hh #8232 22
TRV 1% O VE,Cr R R T KU A
(58.5%) F147 12 95(23.2%).
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