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Characteristic of elements in PM, ; and health risk assessment of

heavy metals at Xiamen

ZHUANG Mazhan™*

(Xiamen Environmental Monitoring Central Station, Xiamen, 361022, China)

Abstract: In order to study the temporal and spatial distribution of elements and assess the health
risk of trace elements, PM, 5 samples were collected at three sites ( Gulangyu, Hongwen and Huli)
in Xiamen during winter and summer. sixteen elements (Al, Si, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu,
Zn, Cd, Sn, Sb, Ba and Pb) were analyzed by ED-XRF. The results indicate that crustal elements
including Al, Si, Ca, Ti and Fe were the main components with higher values in winter and lower
values in summer. Due to the regional function and emissions, the highest elemental concentration
appeared at Huli site (2.12 wg-m™ ), and the lowest elemental concentration was found at Gulangyu
site (1.15 pg-m™). By calculating the EF (enrichment factors) values, the crustal element Ca had
a high EF value (43), which may be caused by the input of building materials. Due to the emissions

from industry, vehicles and ships, EF values of heavy metal elements were far greater than 100,
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especially the EF values of Cu, Zn, Cd, Sn and Sb were high as 10°—10". Calculated by the PMF
model, main sources of elements including crustal material, industry emissions, vehicle emissions
and coal burning were ideritified. The results of health risk assessment show that Zn had the largest
exposure dose (children; 1.23x1077 mg- (kg-d) ™' ;adults; 0.53%x107" mg+ (kg-d) '), Mn had the
highest non-carcinogenic risk ( children; 1.20x107? sadults . 5.18X10_4). And Cd (children: 1.80x
1077; adults: 7.76x107*) had the highest carcinogenic risk. Meanwhile, exposure risk are higher in
winter and lower in summer. The Huli site has the greatest exposure risk lowest at Gulangyu.
However, the non-carcinogenic risk and carcinogenic risk are much lower than the hazards index
value. It is suggested that there is no obvious non-carcinogenic risk nor carcinogenic risk in Xiamen
currently by heavy metal elements pollution.

Keywords : PM, 5, heavy metal elements, EF (enrichment factors) , health risk assessment, Xiamen.

2305 G B IR I E T I ™R (4 PR IR, R R AR N 11 28 AR AR T DX, L s ey B
J PM, o AR BB PR 25 AR BT AR 1E ( GB3095—2012) ,2014 4F 74 AN 5 Wik PM, (A 8 ok
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Yy, BT HRAR /N AT DAIE A AR | Bl Rk A A0SR 4 Al R 4 R AR . PM, § 3 AR T s HE
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1 SEEGHR 43 ( Experimental section)
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8 i1 JEG R JE TR PM, s TR AR I & 4 7 fER KU T4 1725

B — AT AL 1.91 km® (/NS | G408 35 K 40%. 5 E LIS A KI5 e, %A B RS IbLEh 42, ik
Ui 0% 20 7% B A EEL ) 7 P T8 FE KT 24 50 m, S R Tk ys YR R AL T N H RS B
AR A /I il DX P R AR KRS Sk | I BR AL | T B 3 D) | DX i P 46 L A it A2 5 M A
TS i ) 3 R R AR IS 5 SCUX A Tk T S T Ul 8 el B T AR R 3 km. R A
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FEARTE R AL HT A T I S A I, JF 0 6 SRAE K ATV 2. 53 8b SR AL RS [R] SRAE A5 T — Pt AT
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Fig.1 The distribution of sampling sites

1.2 eSO T

TR Y O 2 40 43 34 R T RE B 8 B X S 2R P8O 40 AT A (ED-XRF) ( Epsilon 5, PANalytical
B. V., the Netherlands) 53738 15 3¢ [E] MicroMatter 23 7] AE 7 3 B E ATHIT NIST 2783 SARIEY BT i 1142
IEARWFFERER 16 FPAS I 7T R FEAT 2007, © AT J5 ¥4 B (MDLs, pg-em™) 435 24 . Al (0.066) ,
Si (0.374), Ca (0.004), Ti (0.003), V (0.002), Cr (0.004), Mn (0.007), Fe (0.016), Ni (0.003),
Cu (0.004), Zn (0.005), Cd (0.030), Sn (0.018), Sb (0.018), Ba (0.051), Pb (0.012).EAK4#rt
LS 30k 19].
1.3 HE A%
1.3.1 HENF

BT (EF, Enrich Factor) FJE XNF .

EF=—" (1)

X, €, BIEVIFOHEOGERINITRIKEE , C, WS HITRINKSE , 70T e b R IOC R 5 2% 0 R ik
FEWAE, 5B 2B Y B R OC R 52 % J0 R IR BE (. — O PR M se h Ay i ok iz S il
T MICREAESZ TR, — M AL Fe Ti FENSE TR AR ALEASE TR, S %
PIBNETT A JE A

AR & BT I/ R ST KRR B 2 28 FER TR A9 & AR I TE/N T 10 1 J0 ] LA
FHEOR A THIFETTR 2 AN B R K TR T 10 I AN HAZ B R 75 G R 520, & 5 A
Tl sz AR Bl R KR
1.3.2  PMF JEf#HT

PMF ( Positive Matrix Factorization, PMF )57 H Paatero I Tapper[m R H ) — PR IR AT T s S
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S5 L BF B RA R BE AT T L AU THEE I PMFS.0 RRAS BRSO B N T .
1.3.3 B R ARACHEREDF A

4R TC R B i R B ik 3 AR SRR X ARG | AU AT
S XFIT IR A SRR O AT VA R R O A o (72

ADD&LADD=C - IR - EF « ED/(BW - AT) (2)

el ADD WAEEORAIR H BRI (mg- (kg-d)™); LADD SO H 9 BEHE (mg- (kg-d)™);
C RVGRIKIE (mgem™) IR AIPIREEH (md” ), EF N RFEHIR (d-a ), ED HRFER (a) ,BW
{RTE (kg) AT J P H R ERIN I (d) 4 ZRORIE IR 11,

R1 BERATHSHE

Table 1 Parameters for exposure calculation

BH BLN=9d X} LB BN (LA )
Parameters Physical meaning Unit Children value Adults value (male)
IR I I 3 4 m>d! 8.6 16.6

EF TR d-a™ 365 365

ED TR TR IR a 18 18—72.4

BW Gxciy kg 15 67.3
AT(AEEUE) -3 R ] d 365xED 365%ED
AT(E) 365x18 365%72.4

SR TG e AR BUE 5 KR E HQ MU TR M EUE 25 KT A X058 .
HQ=ADD/R{D (3)
ILCR = ADDXSF (4)
KA RID ASEHH (mg- (kg-d) ™). 24 HQ <1 I, KU &8 /Ne i) LLZ0 s HQ > 1 I, 777 | E B0 KUK
ILCR A 34 i 80UE WU, 3m ABEIEIE & A2 AR ; SF B0 RHA 7 ( (mg- (kg-d) ™) ™).

2 ZEH 5408 ( Results and discussion)

2.1 JCEBZE S ARHIE

X2 G T AR EER R ITEME SR ICE N 16 Bt R AEA [R5 FIUAS [ 2275 19k B 7K . Bk
RE HATENKERG TESE TR, XSENEMTHFEA LS e n R Sk E N
1.18 pg-m™ T ] 2005 4F 1.77 pg-m™ AR £5 5L 5 51 1] 300 47 f i X 3ok i 2 242 i s ol AT
X Al IZ B AR T4 2007 4F 3.83 wg - m ™ BY45 R LU KKk 4 2008 4EAZE 3.37wg - m T B MR E
B8 RIE ] PM, ok A e A W g /b A TR P Zn YR i (0.22 pg - m ™ {HARFE ]
2003 4(0.76 pg-m™) F1 2005 4-(0.29 pg-m™) (IR EE(E. Ph (¥R AR T 2003 4F (1) vk B . 22 B )
I VAE T 4 A V5 Yy T Y AR T AR LA AL

FTLAE H BR Ni AV 8 s {8 D SR SR G s (IR ARFERCA DG ) Ab AR U R 1Y dc i B X 02 ) BRAE
T HL A5 3K 592 5 A SR i TS YL VR AR 2 A O A AR T DX BB IR o, S e B AR 4 R TR (Cr,
Mn Cu.Cd.Sn . Sbh Ba) ¥ B {EHAK. BESC A A R RIX, H V NI Zn Fil Ph AR f iR N B 280k &,
3ANENIEY S P S T RV SMEY R A TR T E R | X 5 FERKR D R LB 2 . FntE]
A ZE 2R PGL ) X, Sk 1 P i 9 8 0 I A R s e AR 2 5 ol 38 1) M X B 4 T R MR B ) 2R A
b5 M FETCR AN AR BRI SO 280 4 8 e R (H 4 7 i B RS BRI A L AR TR 28
R B e AR X 5 B R SR A N R i Sl s I SR i B R RS B, HE R B A i
AR A E R BRSO AT 2 Ni W AR KON, BRI FgA BLAL R VAT Ni vk B 34 R B i A&
%, X 5T 7 AR EEET 1A ok AR HEE 244 %
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MR E 2012 F(ABEZS T RARAE) , Pb B2 PR EERRAEN 1 pg-m™ BT TT 3 A SRAE S
Ph i Y AR T 0.1 pg-m™, ZEFRMEME Z A, ¥{E R 0.072 pg - m™; Cd 7625 S ik B IR (B
0.005 pg-m™ , BRERUG S5, P SCRIM B S BEAR Rl & ) BLSCFEME R 0.018 pg-m™ , #BHR 3.6 fif.
22 BHENT

AN A PM, 5 TC R 10 8 SR 25 3R ST UG DL LR 2. i &% 0 R AL, HSH YR A
S5 ST PR EE IR T Ay 13 MoT R E LR T T LA I 5T 0 E b Ti A Fe 195 £ T2/
T 10, RIACHIZ ARG SRR/, FE A [ IRTE. B Ca WK T 2005 4F (0L 45 5 | (B HAE R
W5 SR HEL A5 A 4R R4 1R 3445 RS54 FI(ECH 43, BB E [T Ca A3 BH S A A RS2 A 33 i
RS TA M Ca A JGAE AL, (HIE AR BRI R 22 | Sk s SR B A G

YT EEEITER, LA I EA T E SR % 5 T 100, F#000E Cu.Zn Cd Sn F1 Sb & 4 K+
Ik 10°—10% 1 LS Cd YRR FEEE T 10 7, bR A IS s E 1] PM, P E 4R A W8 1Y
TR TS5 B R, VO Ni S AHEBCE 5% Cu . Sn 1 Sb SHLEN A BERHERCE ¢ Zn .Cd F1 Pb 5 Tl
HERA e AEAF T B0, AR FELE 4 J@ 70 R 1Y S oo (B L IR AE 90 B A5, (FUS S DR B (LA 1 IR B

VRIS A& B Cu . Sh A1 Ph. X Ut FAS R IS AE Rk R X, BB A S 2 B A 15 de Yt se i (88 KBeke iz |
J( j :J-k\ ‘“\:i; :ﬁF}‘j&/‘g ) . J
1X10° j Y GLY

e i HW
e i B HL

1X10* |-

1X103

EF

1X10%

1x10!

0

1x107! 3 .
Ca Ti V Mn Fe Ni Cu Zn Cd Sn Sb Ba Pb

B2 AEXEBTEEERTX T

Fig.2 Comparison of EF values among different sites

2.3 PMF R

PMF VR SR UNE 3 iR ARYE SPSS B A5 2/ 35 A T 25 51, AR R e A5 51 5 A7 AR
TT S P EERIE.

P 1 Sh stk m T HAMOT R Z e R 5HLeh S HECA 5C. 7 46, SHLEh A BEA XY Fe 5Tk
TR A . R T 1 BERE T UL EHEC R F 2 ALLSi Ca FI Cr (YR B FIDTHk B 8 =
HHAMITE, 5350 Ti Mn F Fe 19Tk Ho B d5e 0w , AT 2 FZAR T HFE 0ROk IE. 7 3 il LA
F,HR Cu Sn Al Sb Ay sTmkR A4 w0 V AT Ni 5 DTk 3R B AR 5, 3 PR T 3R — M A S A0 HE ik
FIFE/RICER O RINZIR T 3 FEON IR, X S5 ETTARE R0 22—, Fh R KA L ] T 4
o Ph SRR I T AR | BEE Ph ME USRI FE 1l sh A ki i 2 Ao R RIS PM, P
P A FEZRED | [RIRHAA Mot Mn ZEAR YA T 4 oA 40 0 1 STk A B, RN 1 4 AR 38 T 1%
SRR 5 5 Tl A 7= 56 Zn (Cd 1 Ph B0 B B Bk EL 90 Ak B2 B IR 7 5 IR E&R & Tk
REEPYLEE T,

AN, WA H T B SRR R R (B 4) ARERHGEIRAY T 2 simkie e, X 5N 7 220k 3 T
FEOLE , B K O R 1 K7 5 R T 3, 33X = Rl B Y STk A — 850, RIAHLSh 406
TV JE AR T PM, s TR A STk AR, S AR TR R AR B 4 % PM,,
T EEICE BT/,
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w &k Concectration B i3 Contribution
0.10 HEF1 Factor 1 Jo0
0.01 - -4 60
0.001 430

[F4-2 Factor 2 790
0.01 - - 60
. 430
g 010 [HF3 Factor 3 dgo &
% IS
=y =
& L u =
E 0.01 - 160 é
<
£ =]
§ 0.001 |- 430 3
5
&)
0101 [E ¥4 Factor 4 - 90
0.01 | 1 an
0.001 | - 30

[E+5 Factor 5 - 90

<30

0
Al Si Ca Ti V Cr Mn Fe Ni Cu Zn Cd Sn Sb Pb

B3 PMF TR
Fig.3 Source profiles of elements calculated by PMF

B [F¥1 Factor 1
W [F¥2 Factor 2
= EF3 Factor 3
m [F¥4 Factor 4

[H+5 Factor 5

B4 STk sl

Fig.4 Contribution of different factors

2.4 fEERAL IFAY

T B 4 O 3R WA R SR L3R 3T A SRR W] o T L2 A s R B0 T 4 s 28 JE 5 0 /)
Ji)¥ 9 : Zn \Pb . Ba Mn Cu Sb Fl 'V, B o 4> J& 2% 88 77 5 K/ NBUF 2 Cd |, Cr F1Ni. Al B0 F1 3508 2 65 71
SR LB TN 295 2.3 A%, R LB A B 88 KU = TR D3 80 B V11 2 5 79 o e s L B
TEGIRWG £, HAR T 55 22 71 4 02 1) L B g (3R 3) i 19 o 4 J T 3R Mk 1) 5 ) R AR R AR 26 4B
SACRE  H BRGNS TR, X SE SRR R A G 5 AR A R L BT R 20
N30 2 1 ) B AR AR SRR R HE O 2 R AR B TR Zn MIBUE TR Ni (15 88 57 & 43 51 3.09x
107 mg- (kg+d) "1 9.42x107° mg- (kg-d) "KL ] PM, " HE 48 02 A9 BTG K.
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Table 3 Heavy metal daily exposure value at different site in Xiamen
JL# Children BN Adults
JTLE GLY HW HL GLY HW HL
Elements A% VES A% VES A% VES A% VES A% VES A% VES
Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer
A 4.10 11.29 2.40 4.96 4.12 10.80 1.76 4.86 1.03 2.13 1.77 4.64
Cr 4.15 2.30 6.58 2.54 4.17 6.05 1.79 0.99 2.83 1.09 1.79 2.60
Mn 19.92 8.23 24.69 7.57 20.08 20.53 8.57 3.54 10.62 3.26 8.64 8.83
Ni 2.56 3.61 2.64 2.47 2.79 4.39 1.10 1.55 1.13 1.06 1.20 1.89
Cu 16.04 10.90 21.83 8.86 17.10 14.73 6.90 4.69 9.39 3.81 7.36 6.34
Zn 160.66 73.38 155.01 45.21 218.38 90.58 69.12 31.57 66.69 19.45 93.95 38.97
Cd 2.26 2.13 6.88 2.88 9.66 11.36 0.97 0.92 2.96 1.24 4.16 4.89
Sh 5.99 5.65 10.96 4.40 6.46 16.98 2.58 2.43 4.71 1.89 2.78 7.31
Ba 25.97 21.88 54.68 20.97 11.74 80.73 11.17 9.41 23.53 9.02 5.05 34.73
Pb 63.59 21.29 62.78 14.14 65.49 21.36 27.36 9.16 27.01 6.08 28.18 9.19
22

MITREREAKRE (£ 4) , 57

BT

R DR/ A [+] B <3 T A S50 RURS: EL X T JL 3 M B

J& Mn &, 2090 1.20x107° F1 5.18x 107, Hok A Pb Cr .Cd \Zn .Cu HI Ni. B4k, 0l LAE HE ] PM,
4R IC R WA IR AR AR S0 AU (T LB RS S5 1.37x107° Fi1 5.90x 107 I T 1, R PIE
H S = S0 AR RIS T DA L3 A9 A 350 XU A i T BN, e W L2 2 0 XU B vy 45 o 4 i 2R
RUBS (B BAEAE—E BT 28 25 57 Z800E 4 @ U 3 I 2R 5 U (R 4 2 i T L2 SR T Y IR 22 1 i) L

SRR FELRC oG |, ik 107 DX PR SECIR U 22 fe IXL G (L A 1.

F4 HEEWABRTIFEUENRE(HQ)

Table 4 Heavy metal inhalation non—carcinogenic exposure value

JLE Children A Adults
TE GLY HW HL GLY HW HL
Elements 4% 2% 4% 2% 4% 2% 4% 2% A% 2% A% 2%
Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer
Cr 1.45%107* 8.04x107° 2.30x10™* 8.88x107 1.46x107* 2.11x10™* 6.24x107> 3.46x107> 9.89x10™> 3.82x107> 6.27x107> 9.10x107
Mn 1.42x1073 5.88x107™* 1.76x107 5.41x107* 1.43x107° 1.47x107% 6.12x107* 2.53x107* 7.59x10™* 2.33x10™* 6.17x10™* 6.31x107*
Ni 1.24x1077 1.75x1077 1.28x1077 1.20x1077 1.36x1077 2.13x1077 5.35x107% 7.53x107® 5.51x107® 5.16x107% 5.83x107® 9.17x107®
Cu 3.99x1077 2.71x1077 5.43x1077 2.20x1077 4.25x1077 3.66x1077 1.72x1077 1.17x1077 2.34x10™7 9.49x107% 1.83x1077 1.58x1077
Zn 5.34x1077 2.44x1077 5.15x1077 1.50x1077 7.26x1077 3.01x1077 2.30x1077 1.05x1077 2.22x1077 6.46x107® 3.12x1077 1.29x1077
Cd 2.26x107% 2.13x107¢ 6.88x107° 2.88x107® 9.66x107¢ 1.14x107% 9.72x1077 9.18x1077 2.96x107® 1.24x107¢ 4.16x107° 4.89x107°
Pb 1.81x1075 6.05x107® 1.78x10™> 4.02x107% 1.86x107> 6.07x107® 7.77x107¢ 2.60x107° 7.67x107® 1.73x107¢ 8.00x107° 2.61x107¢
) 1591073 6.77x107* 2.02x1073 6.37x107* 1.61x107% 1.70x107® 6.84x10™* 2.91x107* 8.69x10™* 2.74x10™* 6.93x10™* 7.30x107*

LA (K 5) |3 FhEui: 48 1 B0 XU /NIBUF2428 4 Cr Cd H Ni, W T TR AR X T L2
S350 1.80x1077 2.59%x107°F1 3.75x 107" ; X T B 43518 7.76x107° | 1.11x 107 Fl 1.61x107°. 73 5b, 1%
3 b 4 S B XX T LE S 2.20x1077 G TR 9.49x 107", 36 W L 38 i il 57 K 14 20 K

B s 22 5 1 S AR U 2 R UG — 20, 8 R

FAR, W0 L S A, SRS A AN o

BB PR, 3 R0 B (R0 T O M I R (10°) R T PM, 1 T A
CUECECTTE
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Table 5 Careinogenic risk values of heavy metals by inhalation

JLE Children JRA Adulis
TLE GLY HW HL GLY HW HL
Bemews 4%  HF 4% HE 4% A% &%  0F &% HF 4% 6%
Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer
Cr 174.34 96.56 276.20 106.67 175.06 254.04 75.00 41.54 118.82 45.89 75.31 109.29
Ni 2.15 3.03 2.22 2.08 2.35 3.69 0.93 1.30 0.95 0.89 1.01 1.59
Cd 14.46 13.65 44.03 18.42 61.83 72.69 6.22 5.87 18.94 7.92 26.60 31.27
> 190.95 113.24 322.45 127.17 239.24 330.42 82.15 48.71 138.71 54.7 102.92 142.15

3 4512 ( Conclusion)

(1)JET] PM, s ALSi Ca Ti Ml Fe Zb7 e 2 A EZIOE . H P BRI 550 R W FEAIL, W) HL AUk
JEE R AN [ b X b T 38 O 4% i IR, T 4 0 3R R S O A R AR, BTRG Fil) E A B v AR

(2) HERTFIHEEREN B Ca b, st ZEERTH/NT 10, RENRER A AR E
4B ICE B AR T 5 T 100, JUHE Cu Zn .Cd .Sn F Sh & £ K F ik 10°—10*, 5 Tl 47 #l
Sh AT IAHE I 6.

(3) PMF UEA#HTE5 R T PM, ot 2 20k H T HFe IR MLah 408 Tl AR Ar IR AR I s
Hop, M2 IR 1T PM, o o6 2 A BTk A e, AL B 2 R Tl YRR AR TR BTk ol 20, R U BT ik
BN

(4) FB4 BT EMREN T AEB08 XS MEUE XS ES S BR, LEREXNBYES TR, %
T RIS KT E 7 L R a8 XU B s o, Zn R 5k, Min I 3500 % 8 XU B 5, Cr 3500
5 5 S i AR e AT ) E B0 2 8 AU N 38006 2 8 DXUBS 242 /N T I b e R BRI PML, s 42 o
FAAEAE I 8 10 1 20 AR (R XURS: .
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