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Abstract: This paper is the result of marine and environmental geological survey engineering.

[Objective] The environmental quality of surface sediments in Quanzhou Bay faces great ecological risks caused by heavy metals,
but the researches focused on the influencing factors and potential sources were relatively weak. [Methods] By collecting surface
sediment samples in offshore area of Quanzhou Bay, the distribution characteristics and enrichment degree of heavy metals were
summarized based on element and grain size analysis, and the potential ecological risk was assessed using Hakanson method in
study area. Positive definite matrix factor analysis (PMF) and principal component analysis (PCA) were further used to apportion the
sources of heavy metals contamination. [Results]Grain size of surface sediments was low at the converging area of Jin river and
Luoyang river, which were prone to enrich heavy metals. The order of surface sediments heavy metals enrichment factors was Hg >
As > Cd > Pb > Zn > Cu> Cr > Ni. Overall ecological risk of surface sediments in Quanzhou Bay was moderate, and contribution of
Cd to potential ecological risk was the highest (37.90%), followed by Hg (29.38%). Cr and Ni were mainly from rock weathering.
Besides rock weathering, Cu, Zn and Pb were strongly affected by mining smelting. Cd and As were contributed by sewage disposal
and fuel combustion, respectively. However, the sources of Hg were relatively complicated. Main sources of heavy metals in study
area were mining smelting, rock weathering, sewage disposal and fuel combustion, and the contribution of them were 33.95% ,
31.16%,22.26% and 12.21%, respectively. [Conclusions] The transport of land substances with surface water runoff was the main
cause for the ecological risk of surface sediments in Quanzhou Bay, and furthermore it is necessary to strength the research on the

fate and environmental behavior of Hg in different media in the future.

Key words: sea water; heavy metal; source apportionment; positive matrix factorization; ecological risk; geological survey
engineering; Quanzhou Bay; Fujian Province

Highlights: (1) Grain size and GIS analyses were combined and used to determine the factors affecting the distribution of heavy
metals in surface sediments of Quanzhou Bay; (2) Multivariate statistical methods, such as PMF, were used to quantitatively
determine the main sources of heavy metals in surface sediments of Quanzhou Bay, which provided a methodological reference for
future study of sediment environmental quality in typical estuarine areas along the southeastern coast of China.
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JEAVE I TR RN A WL o R A 58 #0033 £ 0T
GETTeE s AELR G A BT SR MV 3 e g B TR )
&8 Bk SO A I R R I e T AR R
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et al., 2022) , 7 N IUK B 55 90 1 AR AL T 45 DU 2RI
UK, ELE 8 S 2 g LA A R o 3 RN T
S )Ry, 2018) .
2.2 HRFRESNK

F20204E7 H1HETH 12 H i IR
FERS R AT M A 45 4 (B D) o RS
TETRUIRE i 2 AR NI O &b 3 B A7 o

B M = S, TR EE S ST R
il . RLbRMER ] Udden— Wentsorth 15 Y &
R AR R I 2 R R SO B A A i 5 3
1% #5 " Mastersizer—2000 Y 38 A7 AL, A 25 0 i
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A (XRF) M5 Cu.Pb 5 Zn & & (Bt 5 45,2016
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i (EEEHAE,2019) . BRZ 51N A 8 Ml 4 JE
JC R A, b X 4R 9 O Ot 1% { (XRF, Axios
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FARAR XS 42 i 75 Y i SO 5 4 52 ma), )3z g
T E N A 5 DR Y I 4R B IR EE i X
5 PEHY (Hakanson, 1980) . HARITE AR .
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al., 2001) , 3 X 73 5 4 @ VAR R IR (R TR A A 2R
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Table 1 Background contents and toxicity index of heavy
metals
FabrfE Zn Pb Ni Hg Cu Cr Cd As Al
C//(mg/kg) 83.6 39 17.4 0.063 224 40.7 0.06 6.38 9.79
I; 1 5 5 40 5 2 30 10 /
WRMEGH5E 63 18 21 0.009 17 44 0.075 2.8 7.49

2.4 PMFiBfEHITE

PMF J& Paatero JF & ) —Ffi sz AR AR A | A 3 [E] 34
B33 (US EPA) #7521 A% U5 A B T vk 2 —
(Paatero, 1997; X1 l: 48 55, 2019) . HJFH((5),
3 (6) ) J&Ks i SR I A5 i P 8 I o, e
A TR g5 f, VAR ZEH I 40

P
)(i/': Zgikfki + Ey (5)
k=1

0=y (6)

K5, FR MNAEAR A o i DR 2
P4 i 5 g R VR kX RR G i Y SRR (T4
FAFE R ) 5 1 R R k s A B9 56 j A 4 s vk BE AL
(VR AT TEHE) s e, MBEALIRZH R . X(6)  PMF
R H bR ek £, AR E o 2 kS Bl O
18, 2 e W BEHLIR 2E , uy o iR S FOT R
HINH AN 2
2.5 HESMESIT

43 9 A Microsoft Excel 5 SPSS 26 #E47 232
oI B 5 2o SE 7B, {81 EPA PMF 5.0 1447
DU 4 J@ Sk 53 AT o AL Surfer 16 5 AreGIS
10.6 MBS TS il SR N V5 3 2 T Bl A PR A 1Y
S AR KL 48 Origin 2017 2 S5 % E

3 IrprEiR

3.1 BB RR YL E 53 TR 4 E
WFFE X RZ VORI IR R D A 0 Il id b

JEA R (2,26 3) . Hopky b 2 2 Ui
0 ELH Iy, P45 1 (61.06£20.89) %, X SR MV
R R Z VIR R B TR HIER .
+ 50 F B & BB R, 408 19.01% 5
20.89% (HW0 F i hn i 22 K TR+, HAE/NEA S —
TN A0 A K A7 AT A AR V3l B R i (X
1 AE LA I i b o B U el Y 1) A
VB U 2R TR AIG , ELTERD 2 A X ARAIR

WF5E X PR 40045 4(6.02 + 1.43) @, Z R
Frm oA (1 2) , £)ZTURPITE KNS B DL
AR DUZR ML, TR 2 A 4 . HoAth i DX 2 DUk
76 @ UL AR DAY N 32, A6 B 1 X R Z T
TSR A2 AT 35 7.10 @, 5300 X STy
B A A R MER LA o ARG T kA% 1
AN[APRLEE SRR E o e W A A i 0, TS K
Bl 1 25 W S T AR IR A, 43 B e i [
AT T RS ORI R AR Bk, o e A 22
SR IERBERENTYMELESE

W5 X YT %% 4 SR T R 3 & K H
INR IR R Zn (12492107 + 58.97 x 10" ¢) > Cr
(52.34%10° £ 20.67x10°) > Pb (36.94x10°° + 19.14x
10 > Cu (24.37x10°° + 14.47x10°) > Ni (23.34x
10°°+ 9.18 x10°°) > As(22.97x10 ° + 3.87 x10°°) >
Cd (0.17x10°° £ 0.22 x10™°) > Hg (0.08 x10°+ 0.08 x
10, AT0E SRS R REN 53 & 2 A 5
AR P S E TR i TRE,
T35 5 e i AIG L BEPERCSR Y Cd 5 He AT HAR
HEETR TN ER A AR S (R 4) . YR
OB T s b o (B 080 R [ SR R A
B ey ,2002) , SR N S T R SR TR A 8 b R
4 J8 IC R — R MERARIK N As(84.44%) > Zn
(24.44%) > Cu(17.78%) > Pb(8.89%) > Cd(8.33%) =
Hg(8.33%) >Cr (4.44%), Hg'5 Cd#—2hrifi R4
R 2 ()48 S v, R BB PR T R AR TS N R

R2 BERRBEBEETKEITMN S5 RITE

Table 2 Grading standard of enrichment factor and potential ecological risk index

E PO 25 R R RII WA S AR AR EF {5 EARRE

E/ <40 M RI<150 IRz 1.5<EF<3 LR
40<E/<80 At 150<RI <300 iz 3<EF<5 i EE
80<E’'< 160 L 300<RI < 600 GV 5<EF<10 LG
160<E,<320 0 RI=600 e 10<EF <25 G

E/=320 JUE 25<EF <50 i
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Table 3 Statistics of grain size in the offshore area of

Quanzhou Bay
N om/ME KM CPMIE RRiEE
Bt 45 0.71 30.51 19.01 7.20
Wib/% 45 458 79.88 61.06 20.89
/% 45 1.31 9471 19.93 26.70
TEIRiAR/D 45 1.08 7.25 6.02 1.43

Hiu DX AZ BT SE R AR ok R B SR ZU AR AR R
B /NWICE W As 5 Zn, TR — 25 bR i iy
T, F AR SRS T R IR K 3 1 60 R, As 5
Zn RS RE ) deiik , Ho B B2 B R e 5 AT
SR

Cd 5 Zn . Pb H A 58 AH X% (P<0.05, R* 4351
0.92 5 0.95) , Cu [F1FE 5 Zn . Pb HA 8 AH e E (R4

bl
Fife/®
Average

S = N W A

Kb/ %
Silt /%

Sampilng Sites

P2 SR I R AR SR AR

575 0.80 5 0.72) fHAHILZ T, Cd 5 Cu Z [A] A &
P (R°=0.62) . FHILF]HI,Cd.Cu.Zn 5 Pb5Z
Tl AN [v) She YA 2 iy 8 1) o Ni &5 Cr HLAG 5 AH 56 1%
(R=0.92, P<0.01) , i BHixX P A oo 2 7] g H A A W]
FUE . X T As 5 Hg, 78 P<0.01 B E 1K F T, As
1Y Zn AE7E — A &M (R=0.535) , T Hg & 5
Cr FLA —JBEAH oM (R=0.545) , (HAH e PEIF A 3%
(£5). AsHlHg 5 HAh 4 8 5T R WA B
SEILRI, XA T 2 0] BB AT B AR R R 34
17, BE XA T HAR TR,

SRS T R IR Z VIR T & A R A
R T 45 R R W, He (9.34) >As (8.29) > Cd
(2.15) > Pb (1.90) > Zn (1.83) > Cu (1.27) > Cr
(1.09) > Ni (1.02) (&1 3) . Hg 5 As S50 250 & 4R
ARZS, Cd . Pb 5 Zn BRI E v FRA X T

Grain Size/® [ 5

| Fit/%
Clay /%

Administrative Boundary

SFEpRi AR AR 7 (B A RD ) e i A R

R KA
Surface Water

Fig.2 Distribution of average grain size and percentage content of clay, silt and sand of surface sediments in the offshore area of
Quanzhou Bay
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Fig.3 Enrichment factors of eight heavy metals of surface sediments in Quazhou Bay

Cu.Cr 5 Ni A& B2 s R
3.3 ERBERENFRMELET S HIFHE
AR SR M T 0 e Vi R SR DU 4 e B i
AT R SR E (K 4) . BEE&JR SRS
RT3 a2, 55 —35 . Cd, HAS i AV P s ok
BT R, B B I T BHY 1, 55 2
Hg, H. 5 Cd & i A AH I, 10 SR NV AR e ) 3R )22
DU He & ot th i 3 34 T T8 N AR IX.
A RE . B2 CuZn 5 Pb, = H T
it (E XS Ut IRAE N 5 AN E R (F TR —A
WAL . V02 :Ni As 5 Cr, = HBRTEA I LR

RIS By —ff th B AR DX, LA sy 2 5
A T NI Cr SR S48 2 AR (19 SR ek
PA K S BURRMIRLE @ 2 (8] HAT fe i i TEAH O PE (55
5) , ATHEWT HORLEE 431 X0 Ni Cr 5 i 2 1 # i E
F T As SR A — 2R

4 o
41 ERBEAAYESESERERYMES

SRS L R T I UV 4 i 5 A B E
EHEBREMITER A As 5§ He, Hrf As BF5E X N &
SR o R (1813) o RN —J5 i 2 i 1

x4 FNEREMRNESESE

Table 4 Contents of heavy metals of surface sediments in Quanzhou Bay

gE| Cr Ni Zn As Pb Cu Cd Hg
JEM/(mg/kg)  7.97~86.97 4.37~46.1 41.11~390.15 9.07~29.61  10.19~108.64  ND~67.29 ND~0.73 0.01~0.33
“FEIME/(mg/kg) 52.34 23.34 124.92 22.97 36.94 24.37 0.17 0.08
PRk ZE/(mg/kg) 20.67 9.18 58.97 3.87 19.14 14.47 0.22 0.08
A5 ZHU% 39.49 39.34 47.21 16.84 51.81 59.38 130.1 99.81
— b ifE/(mg/kg) 80 / 150 20 60 35 0.5 0.2
b E/(mg/kg) 150 / 350 65 130 100 15 0.5
i — BARER /% 4.44 / 24.44 84.44 8.89 17.78 8.33 8.33

()R R DU SRR E (GB18668—2002) H , JEAH I A bnifE o (2)ND R Ju EAE XS AR i P ARG o
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Table 5 Pearson correlation coefficients of different heavy metal contents and grain sizes parameters
Lt oBw Wt CPRA S Cr Ni Zn As Pb Cu Cd Hg SiO, ALOs; Fe0,
Ht 1
By 075" 1
At -0.85"  -0.98" 1
SEEIRAE 0907 0957 -0.98” 1
Cr 0.64" 087" -0.85" 0.82" 1
Ni 0.63" 085" -0.83" 0.81" 0.92" 1
Zn 0.66" 045" -0.53" 0.56" 0.32"  0.40” 1
As 043" 025 -0.31 0.35 0.21 0.22 0.54" 1
Pb 0.59" 027 -0.37" 0.41" 0.16 0.23 0.92"  0.53" 1
Cu 0.64" 055" -0.60" 0.62" 0.59" 0.64" 0.80" 0577 0.72" 1
Cd 0.55 0.27 -0.36 0.39 -0.07 -0.05 0.92" 035 095" 0.62 1
Hg 0.43 0.38 -0.41 0.43 0.55 0.53 0.06 -0.10 -0.04 031  -0.13 1
SiO, -0.76"  -0.79"  0.82" -0.83"  -0.74" -0.76" -0.60" -0.08 -0.49" -0.57" -0.48 -0.41 1
ALO; 0.837 0777 -0.82" 0.82" 0.68" 0.687 0.817 0.527 0.73" 0797 0.71" 021 -0.77" 1
Fe,O; 0.657 058" -0.63" 0.68" 0.677  0.627 0.557 0397 056" 067" 035 049 -0.647 067" 1

T BARFRBAHSCHEAE P<0.05 KF T 3, AR FRBIAHSCHAE P<0.01 KF T 1 3 .

AR S HE R, B A B 9T 48 H 51 2L Fff
T 3 As ¥k B BH 4 =1 (Miao et al., 2020) , &M
VA il 358 3K 04 7 M T By o A8 3 32 i v K B VR
THFE S B SHERL , e e Bl R TR S 3RAR i s A
VIR, LG V5 PN TR, e K A SR S i E
(ZEHTHTAE,2008) , it5 DX A A i Bl FH 2 “ i '
TR T B0 As T8 BE 7K B BT A0 A 1S DX D KR/ INES
B ZRER IR A X, 55— T As iE R HE
By, A AR VS N TR e 4R . He &
LUK T As, 5 SEFREE )7 A i 1 ok (%]
5), 2 W] Hg =215 A 78 X pa 0 . Hg 1Y it
5ERESH ELE TR BT EZ A (AL
Fe.,Si) 00 A (2 5) , W He Wk 5 H:
RELEE D EARR, SRR &) THE
JEZ A=A b ER I 2 A (1A He (143 A A X
ISR

Cd 1Y & R R T As 5 He, 5 Cu . Pb Fl1 Zn
YRR XN RS EENESRITE (HCdEHR
BAUK T He, —FAES KSR SN ESE LR,
Cd & 5 R BN P4 [ 75 41 5 25 R, B 9T 2R
TV 5 1 BHYT ARSI X B bk B A i (e A 55
2014),Cd & &t 5800 & 840 A B A, 3X 16 I
FEUUBWIH CAMR AT B VR T 57T 5 3% BT HT T
Mr 57K HERL (2% =55, 2010) .

X} Cu Pb 5 Zn , HAHRT & 42 X A6 PN S 05,
AR HE— R LA AZ A ) o i 2% A
WA o VLI R IR 5 2 R BB
T el JaB 41 48 5 ] T 8 4T (AR S AR 2009) , 21 1

WA AR ALY S T Cu Pb 5 Zn WYIRTE (5
4 2016; (EAETESE,2018) , IZIE AT 1Y H 42 8 B
HRORFEM SR . 5 —Jm, Eh
Bl R, EEA R T 2
JREBT AL B RS e AR SR R AR
ATFITIK Z DR 1 T 1 X 54 I ) R 2 ()22
A, 20135 THESF,2015)

R iz = Fis 8 & W E SRR Z AR &M
S AN SV B X LA A — Bk
(THii#,2009), Cu.PbyZn Ay e dtm LT
F5UR— A W R LA B S (E AT T 7R 74 1) U ey
TV 3 BHYT A 1 i) V5 Mg stk (1 4) , itk = Fh
JCEAE P<0.01 58 F 5%+ & & HA BORIEAH X
PE(RS) LR AT EE 1, L= Foc i 5
AR A B — iz 5 ARG
Sl R T IR, 55— TR SR T Y
5 AN 5K S 1 A O e R AR R S5 1
AL R E 2R

Cr 5 Ni b & £ RALY PR T MR T H
ot %, XM AT E 5 Si0, B A 5 o 1 77k e 1k
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Fig.4 Distribution of heavy metals of surface sediments in the offshore area of Quanzhou Bay
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IOV s HATC R T 40, MR A A S XU

SRV ST S e 2 DU b 8 R 4 B 1 25
BT S PR BN 177.08 (R 6) , IS N K2
DU R B R B R AR . X F 2
KA 1A o B BE2A AR Zn . Pb (Ni Cu X Cr,

FERATT 2V AR 25 KU, 2R 50 1 (LS5 R HE 22 2/
T 10, RUHICR B75 R EEE AR . X T HICR
TR SRR RS AP RIOT R , CA TR IE R AL
NTHg LT (1), R 28GR A 28 XU 1Y 5T
HRRE R i Hg B

G EBE RS HE R AN S R
F NRECEIT), RE>300 B9 FE BEA XU X 322407 T
VL5 FHYL I R DA B I 2R AT T X, AR
P H 4 Jm ORI, L Cd AR a5 G b,
FEAL YL 1) 3o ) FIETC , 2 4 i S 925 30 2 T 2k
AT EER . A, TR S & A
B i R EUR A BRL O 0 A, LA Cd o RER
{1 <5 o £ R T R A7 R T 11 o 2 e T
(ZFE R, 2010) , X A2 i T K 8 71 2605 19
S8 o) P AN IR o AR SRV B AR BT, REAH
AT BT 35 TR TR A LA RAE i i

TR AR
Sampilng Sites

] A,
Administrative Boundary

KAk

Surface Water

5 SRINTE I R IR SR DU ML R e 3R SRR 0 A1 P

Fig.5 Distribution of typical heavy metals enrichment factor of surface sediments in the offshore area of Quanzhou Bay
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Table 6 Descriptive statistics of potential ecological risk index

E'
Zn Pb Ni Hg Cu Cr Cd As

RI

E/ME 051 140 130 9.40 0.08 040 0.00 14.63 57.78
ORAH 4.60 13.78 13.20 205.98 14.74 4.26 364.76 45.95 484.21
FHIME 151 475 7.01 52.03 556 2.67 67.12 36.43 177.08
FrfEZE 059 2.08 2.14 39.12 240 0.83 68.19 4.45 78.02

Y 4 B TR R U R 4 Ff 3247 PMF A b A5
RI(ERT). MRS EESREERE N
HABS—8E . DUBYh Cd 2R IE TR R
IKHERL , DTHk R 35 86.35% ., Cr 5 Ni = Z R THF
F IR, TTERER SR WM 63.90% 5 59.36% , Hok 2 3|
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Fig. 7 Distribution of potential ecological index in the offshore area of Quanzhou Bay

http:/geochina.cgs.gov.cn H1[E BT, 2022, 49(5)



1492 h &

H

=

2022 4F

100
90
80
I il
Fap 2
E ==\
RO i Il
P’%ﬁ 40 E [~
x P2
=0 £ Ll
K i
nE
7l ‘H
Pese
o
Cr
BTN RUIIRErES ZAIR Rz AR L 15 KHER
NS Minin;l and Smelt MI Rock Weathering FuellCombustion m Sewage Disposal

P8 2% 4 Jm W TE R U PMF IR RS U T 1R 2
Fig.8 Potential sources of heavy metals determined by PMF

F7 RNERIBFEREEPMF ZERITE R

Table 7 Contribution of different potential sources

calculated by PMF
- TEAE KU/ %
R TRk KR AR s AdR
Cr 29.19 63.90 / 6.91
Ni 29.14 59.36 238 9.12
Zn 36.77 24.14 15.83 23.26
As 23.68 30.34 31.04 14.93
Pb 46.11 8.89 24.13 20.86
Cu 91.67 / 8.33 /
cd 13.65 / / 86.35
Hg 1.44 61.91 16.65 2/
ZEOTIRRE 33.96 31.16 12.21 22.68

(IICE . X Hg, PMF V5 fff A1 45 5 45 B H 5 & )
FEZ Z RO IR A2, Ho B 3 2R T B A K
fbo ZEE| He 5 H AT R 2 [0 B A R 1Y 53 A 1
B, BT 4 PCA S gt — A AIE

X SRS T R R I DU 4 R S i T
PCA,KMO 4 0.765, Bartlett {5 <0.001 , FEHH %54
EE AT 30T, N5 PMF JRfAT 25 R
AHAXTR , BEER 4 Fh I8 53, Lol Ky 5 0Es ), i 4 #h
F LG 1Y 5 22 DTRRER 43 R 49.93% .24.37%.9.22%
57.84%, Bt Z01ik% N 91.36%.

TR 1 FEARREBM N ES R ITE N Cd.
Pb 5 Zn(3R8) , LG IR A M4 R ,Cd.Pb 5 Zn £

RS FMEEEBHRENFRYESRENSTHITER
Table 8 PCA of heavy metals in surficial sediments in the
offshore area of Quanzhou Bay

. ERN%ix
R 1 2 3 4
cd 0.887
Pb 0.879
Zn 0.849
Ni 0.954
Cr 0.941
Cu 0.525 0.628 0.452
As 0.919
Hg 0.964
LERAR(EN 3.995 1.95 0.737 0.627
TR /% 49.93 24.37 9.22 7.84

SRR/ % 49.93 74.30 83.52 91.36
A0 R K 22 0 R AR A T e %

BUR R T B ™ 1L v M Bl e Vs K HE R, PRIk =
43 1] FRAE T Bl BN 283 3l I it s 17 4 I i 2
Ni 5 Cr7E F sy 2 L HA B KEAT, iR Hras

FMNI 5 Cr FEWAT T AR DR b FLE SR
FRAL, R I T 83 2 W B A KA X A 4 )
A% . AsTE R 3 B HAA R E R, R
F RS 3 %A A R il B HE B . X Cu S
Hg, Cu7E F i 1-3 LA — g W , (28 6
H/NF0.65, T Hg AU 805 4 E HAHRKE
fif A5 3 153 4 BRFIEAR AN Ry 0.627, J5 25 BTHR AN
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}97.84%, *fH PMF 5 PCA 70 g, BAR G & A
REAR AT AR BE Cu 55 Hg IR FERUR , {H PCA B9 53 1 46
RIGUE T Hg R IFE M & 22, I HEE R K5
PMF —3, iEB] T PMF 25 Rl St . 8 4 Jm ok IR
ST LS G 2R T B S Gt e ik e
X A A 4 J8 T R IR A T = 43 M, PMF 7] g
LT PCAWI—F i,

5 45

(D) SRR Z VIR LR A £ fE5TE
7 FRYT R TTIC 3R X D 55 i — KA B Jb A T AR
BRI, V8 TR 9 3 A 5 B e I B 4 )
TCE )5 B A A A AU, A A TRRIRT T 11 XA
TR 2R DX e A S RS R 3 i

(2) SR IMIE F 2 DU T 75 A 28 KR & A Ak T
HaEEZKSF , Cd X A 25 XU i 5 A ik o o R AR
SFIC R, WG e HER A S N H 25 T R K
I DAE S ED O N8 HA S 7 S ) A R 810, 1) 8

(3) RIMNIERZVIRY E &R B IR TR s
ERAS, As Hg 5 Cdik 3| T i E £ KF. PMF
VR MTR AL R I, 15 4 8 S R IR 25 5 BTk %
R IVEHE (33.96% ) , Bl KL (31.16%) , 15
IKHEK (22.68% ) LA K BREHERBE (12.21% ) . PMF i
fif A7 5 PCA MK G2 F 5 AH B30 UE W] LAAS 31 8 4
JEAE SR AT LS

(4) SEIHVE R Z VTR He /A dsi= i & A [
THAIUER  He W RE A B A R A kiR, JF & T
N R E IR A R . AR T BN SR M
Hg IRAAIEA , BHAE AN R AR DR T A 5 i ik
FTRABISE , It — S5 A D iR A=W
i PP HS N AE S R G RRE RN
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