2022 7 H = oo it Vol. 41, No.4
July 2022 ROCK AND MINERAL ANALYSIS 621 -631

WS, SR, EPRsE, 55 R B B DSR2 IR & 6 R A 2 B 05 R BRFAES KRG [T ] A0, 2022,41
(4).621 —631.

YANG Jianzhou, MA Shengming, WANG Zhenliang, et al. Accumulation and Ecological Risk of Heavy Metals and Polycyclic Aromatic
Hydrocarbons ( PAHs) in Surface Sediments from Typical Estuaries in Hainan Island[ J ]. Rock and Mineral Analysis,2022,41(4) .
621 - 631. [ DOI: 10. 15898/j. enki. 11 —2131/td. 202112210205 ]

fgva B R 0 R IZ DL R R A B O ke B BRI
He B V-

BalE, GARY THRE, i, BES, SRS, R kb
(1. qji’@ ﬂ%f&nﬂmﬁ%ﬁﬂﬁiﬂhiﬁﬁﬁﬁ?{%, WAL B 065000,

2. AARGEIRTR M BR AL AR I HE S 920G %, L R 0650005

3. E M SRR A T, AR KA 130033

4. 8 BV IR B I oy, IR YD 410007)

HE. T2 5 SRR A BB E TR, A S RARARP ARG AL, Hd BT P
BEANESLPRLE X, W T AL R A e 23 Ao 7T 0 3 R ERIEAR PG E S . ST F A =BT
BB EZGONETR, BRI GILAF TR Y T EL Bl %35R3k, 5 = 7T 6548
R RGEROGLEESF, ATHE=ZLFAATOREARY T EL B S35 )12 (PAHs) B a4 S
R, A SR W, Bl &5 B TR R/ AT 8 3% (ICP - MS/OES) R & K A8k (AFS) Ml 2 £4 /5 T
% (As.Cd.Cr.Cu Hg Ni.Pb #= Zn) 48, A48 & 3% — % (GC — MS) M| 2 PAHs 4%, #4575 4 4 20 %,
FoAa & AR T R R, A R B A BRI IE B A B Y IR R AR ERAT RS RE, £ R AW . OIS
WA ¥ E 4% As.Cd Cr.Cu Hg Ni.Pb #= Zn #4-F 34444 %) % 3.24.0.03.7.03.5.33.0.007.3.06.16.9
Fo 14. 1mg/ke; BT st 45T 314 % 4.81.0.02.7.69 4.56.0.010.3.29 .18.3 #= 14. Tmg/kg; = T 57
*F R E 4 BT 15 A 5.83.0.05.15.3.8.28.0.021 4.91 21.4 #229.8 mg/kg, M As 9, T4 534k T R4
Bk B IR, ZATORABRY PG As ABZETPECd Col ARG EER T, 2 N ZAN
AEFBRER, TREHAARLEDA X, A2 TLBEARKN S ER TG4 KE, LA KRk
AE T QBT F T, = BT ALY P PAHs 43 4 51 A 3. 48 ~56. 6pug/kg.8.72 ~ 56. Spg/kg.
6.41 ~573.9pg/ke A PARIR A £, A AW A IKIE L PAHs 89 2 2R B, QARG N ERE
T, R R AR EA 23 £ BA PAHs T4  YOMKABRE AL, AFRERTAFACRFTEMAS
R e b5 3 AL

K@i Tok; $RFE; LAMASTE T HRME/ R4k, AME#E - Rtk 7oy,
A ERKE; Hd B

EA:

(1) AaXBSHFog ERFEAGNL  FHEAR TR ELEELTRH FEH,

(2) BT F AR RTT RN SRS RO R AN L EE KRR T AN R AIRBIRLE

(3) MM R AP L T F Tl = BT iR ek %3R5 RIS A £,

FESES: P736.4; X826 XEKFRIREG: A

KRS EHE: 2021 — 12 —21; {EE HEA: 2022 —01 —25; $5 FHI: 2022 —03 - 12

ESTR: =5 A i 5E A5 H (DD20190305 ) 5 Hr sl BORHF I H 2543 %5 4: 55 H (JY201910)
F—1EE: Ol L, TR, 205 7 10 A BRI R2 5774 . E - mail: yangjianzhou@ outlook. com,
BEMEE: BRSSP TRRIN, EZRE 7 o = E A SR, E - mail; wa_217@ 163. com,

— 621 —



%540 o

http; // www. ykes. ac. cn

a0 Wt

2022 4

W) 1A 25 2 0 R K A A S R G T SRR
Sy BA YRR KR K SO s ek
SETRE RS I R e A Y (L RE R R T
AL HERR BN, ol AR % J S B0 1 A= S RS
I R B BR 88 TR 0, b 4 R R 2 3 0
(PAHSs ) i T HEFAEAR SR A0 25 7 kA0 7 32 3
e A R TR R R
K EE AR AT U | W2 BRAL S5 s |
MU AR o A T ) KR R T 3 R R TS
N G R R e L IR C NS IR L7 P g |
PAHs {9 T B IR R0k, 7T LL7E — & B bR it
RO TS Y T R, I R O 4 R R
PAHS {3375 RS AT 7T Ay il 3t 0 5 52 45 B 5 A5 0
AR .

ULAE R, AN 222 2 F [ A AT 1 3 DX AT TR
G P A S KU T BB ST 0 Mitea 255 JFA
T E RSB AR A AR A LIS e KR
T5tH PAHs HhE 3 [a] B0y IR [ b ] 96 0S5 2 BF
FEIX EEIE YY), FEIN N LE Y T B PAHs YR
AW EE, Zhao %517 i 1o iy SRR BOM BRI 1 LA
W4 B HEATIT AL , I R B AR AETE N 5 e,
HE— AT BRIV = AN R 2 21% B X I8 30T 9 070
T 7 B RO o Liu 2600 5@ o8 %o He IR 36
B R, I K VT O YU T PAHSs SIS -
o 48 JXUR 7K P , LRSI EE 1 0 [ a, h ] B
R, BT UL, BT BIRSY £ 4 b e 2 U i
RIBHIX o RS R A A S SRR X, B
WK R R T, 5 A TR R 85, b Bk
VLR VT 5 45 T, E TP L X R R, TR
A BT PR AR 2 2, B M T P
KBRS 3 B AT ARy i T AR, R
FR AT 2 TR Tl el X, 2 25 5 T 2 B R R
R (1) T L R S5 = A S U = T A
SR R B 1 X3, ) R R L Ak
I AR, A AR SR R . B AR
ol e i b K, A 2 A A 4 LA B T
b A A A 35 R 3 P B, IX 3T 1 A 5 R 4 T
TEAETAE LS AR . ERT, B2 B AL VL0 5 ] 3T
T 42 J8 R BTG e ) BROAR ST 5T, T %) == 315 30
BRTFFE A B — 4B T w48 e A L5 g
Wiy XU Y 15 YR BT A 6% 4
Wi, AN, 5T =30 PAHs [94R8 U AE7E— & 2
SRR R Fig a5 43 BITE 2019 4EF 2016
SRR T =0 TR PAHSs 1%, (8 W0 & 45 52
— 622 —

BRI 13 i, kA A St JIT S AT il i ¢ A X
SHETS i 2, SR i PR SR A TR EE Y AS [ A 2 52
PAHs AL EOL . 3% = 20 i 7 X AU 1l
¥ 5 e LR ) = b D BE DX, [a] i A imT 11 KT
O R AR LTS S B A5 b 2.

ARSCHT TR BARTL 2 A ] A =3 3] 1 X
A FH HL R 5 2 B 1R B A (ICP - MS) 7%
TS % (AFS) | HL O 5 25 B 1R & 1Ol i ik
(ICP - OES) AU @S - Biiik (GC - MS)JllE T
DB 8 MHEL G JE A 16 MO E PAEE 47 5 (EPA)
PLctadil iy PAHs it MR¥E TS QW) 4 S ik
PR HOR R, SR DR By B4 5 o B 05 A £ 2R
SHBLAEBIEDTIE T TR DTS Sy MBS e ik, LA
Sy ) A A R LA B PR R AR

1SSy
L1 FEACRAS

2020 4£ 7 A, LB ALTE . B A A = W —oN
A AR T REFE XS R (8 1), R BOK Ji e & X
s, fol PSR SR A 37 143202 (IR O ~ 10em) LR
Fedho FEMZSR TG 8 TR OISR 3
L R AR AR A IR is 1% B =, 4
T4 R A PAHs 23 A, Horp B AL VIAE i 2 5 h
CO1 ~C17, Bkt 4w 5o 101 ~ 110, =i ¢
fh4RE N S01 ~S10,

1.2 fUER sy B Ykt

KM iCAP Qc BY v BHE & 55 B 1A 5T i 4
( 22 E ThermoFisher 2\ 7] ) M € E 4 )& Cd.Cu.Pb fll
Ni 45 XGY —2020 BU51 4 6Ot AL (HE 55 T T
PRI A wD) P E As Hl Hg 3545 ICP 7400 7Y
HL B 5 55 B 71 R S5 6 1S AL (S [E ThermoFisher
2D ME Zn A Cr 8, R QP2020 LA (4
T = PO ( H A Byt w)) MHITERY) 16 F EPA 1
ey PAHs & BT E .

P AP A A FD — 1A - 50 Bl E =
VOURT MR AN (B ¥ 95 35 S0 B A A R | 5 7 7
WAL (E =916 AL, 5 1= 25 B 43 W) ) 5 SPE 25 BUEE
(H:fREE,1g/6mL, 3£ [E Agela Technologies 2\ 7] ) o
1.3 K HrilliA

W E K — R UEY i (GBWO07360,
iR 27 B b BR P B H 3K Ak 2 ) A O 5T T ) A
PAHs FR#EAE 5 (ERS — 1, R 358 Of 47 75 A o FF
WF5E i ; SQCL - 016 1 Q - 10258 — O, 36 [ NSI
Lab Solutions 2% /] ) #E47 5 4 J& Al PAHs 25 pg il



54 M0, 45 . TR S MR 11 3% 2 VTR I 4B M 2 M5 ke i REURIA: 25 KU F4 %
@ oo BT
s} SRR .
14 -
" °C09
5% [ ]
# Cl610 L YT
S C15
11 cos
Tos °c17 RILIX
C06
‘cos 03 ,
Sl -3 o2
0L dm R X
(®) { g g N | [© =ww-soEs N
JER X ° A A R S04 A A
LO6 107 Pog E °s02 S06
o ® °105 — . ik e IX
b gy L10 " ®S05 ®507
L0102 \ 7 *503 *508
TAkIX P A R RIX %00 809
Y | A
0 2km BRI ) 0 3km

(a) BALTEIT I =Fl s (b) ZAFimimiil X (o) ZMEm—/ NI X,

Bl 1 BARIE. B i Hb R FE SR B
Fig. 1

FE o 31X 4 bR e S RAT B XA R E MR
S, o GBWO7360 FH 7 Bk 1k 27 8 A A R 5 1

M ok R TOR Y T L TG R 40 B 19 6 4%
ERS -1.SQCI - 016 Fi1 Q — 10258 - O T
PAHs 73#r i o 5t i 45

HEJEITRNE : TP E B SRR T
BRSO K IS, T T3 56 BIF S 22 200 H J5 ORA7 17 I,
FIARFERZERIR + AR + EUIRIR + v SR TH i 2k
T35 87 o TRl FARHED) 5T ( GBWO7360 ) 47 5 it
WEAEE o FE AL 3 TR e o R R o AR S
HRSCHR[ 14 ] o

PAHs FyRE : JoPRIX 10. 0g (F3) KA i B
TRV AL I, ZE IO ) S T R AN OE O B TR 5
W 60mL (RFREL R 1+ 1), 2R i st 5 0] A6 IR AE
100°C 2604 T A Smin, FE47 2 YR A IBUF WU 2 i
o WG PE UK ZE &R 48 2 2mL J5 R A B 4L
WAL o T2 AR MET € 7 2 Ll 578 55
Mo AR EIETERE R EE S 250°C SR A0 T EAE
JE 7718 1. 3286psi, B g 19. 5SmL/min, fB IR IT 7
H 3mL/min, SR G 10 0 1, 733k 15SmL/min; 4 i
35 °CARFF2min, A5 C/ mini# R T E280°C , {4

Distribution of sampling sites in the Changhwa River, Luodai River, and Sanya River areas

Imin, ) 30°C/min 3 & J} £ 200°C , {# 35 1min, D4
10°C/min F+ % 250°C , 4%+ 1min, FL) 15°C/min F}
£ 290°C, fR4F 10min , Z AT IS A] 2 35. 667min, FEHL
VEIR 4 (R4 it JEAT E 52207, 20 M o R v SR P PR
W (02Si 110061 ) B il e E fh £, i 25 (I AE AL
FEFL I A b5 #E ) BT (ERS - 1, SQCI - 016 i
Q - 10258 - O) AT B i i ds

8 Fp 4B U AN 16 F PAHSs Xif o7 Y6t BRI,
# 1, HEJEM PAHs {970 Hr e th B 2 B FE R
FEX W R (2 B br X5 Bk Ak 2% 0 A S
(DZ/T 0258—2014 ) F1{ - HE FN TR 2 34805 I (1)
M5 AT - Buik) (HIB05—2016) 25K .
1.4 Pk

AW 5% K W 7E A2 25 RUBS: 48 201 (potential
ecological risk index, PERT) F177T FR 47 ¥4 55 i 1 JL v
1 (sediment quality guidelines, SQGs) X} yi] 1 T FH
42 J@ A1 PAHs BEAT XU EH
1.4.1 HEEEAESKE 0L

R SR 5 S G 3T BURSRAIR ALY S
JRHFAERT L, T 456 AN 6] 8 43 R A W) s vE A T XL
Bitpr . BRI AR

— 623 —



" a Wk
Ghte http; // www. ykes. ac. cn 2022 4
# 1 priRbs AR
Table 1  Detection limit of analyzed indicators
HEMITR K FANL PAHs {b &) Tty R LEEiA PAHs (L&) o s R SERiA
As 1 ng/kg Z%(Nap) 10 g/ kg #H:[a] B (BaA) 2 pg/kg
cd 30 mg/kg JEH (Acy) 4 ne/kg Jii ( Chry) 1 ne/kg
Cr 5 mg/kg J& (Ace) 3 pg/kg #JF[b]9¢# (BbF) 1 ne/kg
Cu I me/ ke 4 (Flo) 3 ne/kg IR FE (BKE) 2 he/kg
Hg 0.5 mg/kg 4E(Phe) 2 pe/kg HIf[a] tE(BaP) 1 pg/kg
Ni 2 ne/kg B (Ant) 1 ne/kg gijf(1,2,3 —c,d] ¥ (InP) 1 g/ kg
Pb 2 mg/ kg P (Fla) 2 pne/ke 9 a,h] B (DahA) 1 we/kg
Zn 4 mg/kg B (Pyr) 2 peg/kg A3t g,h,i]E(BghiP) 1 pg'kg
o < S o (1) 2 HRGHR
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Table 2 Concentrations of heavy metals in river and estuary sediments from different regions

o, s As Cd Cr Cu Hg Ni Ph o
(mg/kg) (pg/kg) (mg'kg)  (mg/kg) (pg/ke) (mgkg)  (mg'kg)  (mg/kg)
SETIE 1.87~4.48 16.4~43.5 2.64~10.1 3.75~8.25 3.94~9.54 2.22~4.23 12.8~21.33 9.00~29.4
YRR (FH1H) (3.24) (31.6) (7.03) (5.33) (6.77) (3.06) (16.9) (14.1) ARCHFFE
BRAK 23.82% 25.90% 25.24% 20.95% 23.03% 18.18% 15.50% 32.38%
SREE 2.35~7.96 6.53~30.7 4.52~13.2 3.44~6.04 4.81~21.9 2.42~5.63 8.51~29.3 7.79~30.6
Vit CEHfE)  (4.81) (19.4) (7.69) (4.56) (9.91) (3.29) (18.3) (14.7) AR5
ARZEE 37.23% 32.11% 42.48% 17.89% 52.12% 33.46% 38.84% 54.80%
GHTE 1.74~18.0 19.1~124.8 4.38~34.4 2.45-22.1 5.79~48.8 2.00~7.17 4.81~55.9 5.48~86.3
XA (FH#E) (5.83) (53.3) (15.3) (8.28) (21.1) (4.91) (21.4) (29.8) A
BREK 96.46% 51.65% 68.50% 75.22% 71.79% 35.23% 76.38% 79.83%
= TR 10.27 181 10.27 3.9 204 2.7 3.0 100.4 el
TRITA -4 18.23 840 55.19 42.89 100 - 44.61 135.87 Zhao %1%
KL 0 P 9.1 190 79. 1 24.7 - 31.9 23.8 82.9 Wang %119
([ipa T o 18.3 970 43.62 31.72 390 22.95 4.8 129.33  Xiao %[
B[ Seomjin WL T A 13.9 260 62.7 30.4 55 30.5 29.7 150.4  Yang Z(2!)
O Tajan 3] PR 12.8 - 20 - - 8.2 - 19.7  Alahabadi %%
R TR S 1.34 40 27.52 6.1 20 7.24 24.36 44.43  fliggaeaelel
TEEEIEY  THAE 7.7 65 60 15 25 2% 20 65 B

3 DB SR CE T

Table 3  Correlation coefficient of heavy metal elements in sediment

bEN HEEILR As Cd Cr Cu Hg Ni Pb
cd 0.266
Cr 0.302 0.584**
Cu 0.437 0.526" 0.715**

EfbiT Hg 0.521°* 0.603 " * 0.689 " * 0.697 **
Ni 0.232 0.321 0.804** 0.637"* 0.503
Ph -0.356 0.457 0.395 0.268 0.116 0.200
Zn -0.019 0.387 0.640** 0.631** 0.422 0.808** 0.437
Cd 0.256
Cr ~0.656 " -0.415
Cu 0.391 0.538 0.038

% ] Hg -0.319 -0.137 0.629* 0.329
Ni -0.192 -0.034 0.758** 0.594 * 0.613*
Ph 0.203 0.325 0.095 0.309 0.213 0.417
Zn -0.222 -0.016 0.636 " 0.411 0.950 " * 0.725" * 0.356
Cd -0.050
Cr 0.698 * -0.349
Cu —0.544 0.061 -0.076

= Hg 0.155 0.274 0.205 -0.148
Ni -0.091 -0.400 0.176 -0.032 -0.139
Pb 0.143 -0.181 0.638 " 0.088 0.402 0.280
Zn 0.067 -0.243 0.573" 0.083 0.157 0.196 0.938**

Wi x"FIR P<0.05, “x = "FR P<0.01,
— 625 —
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Fig.2  Enrichment factor values of heavy metals in sediments from the estuaries
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Fig.3 Content distribution of PAHs monomers in sediments of the estuaries
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Accumulation and Ecological Risk of Heavy Metals and Polycyclic
Aromatic Hydrocarbons ( PAHs ) in Surface Sediments from Typical
Estuaries in Hainan Island
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GAO Jianweng'?>, ZHAO Jinhua®, HU Shugi'*, TANG Shixin'"
(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang
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China;
3. The First Geological Survey of Jilin Province, Changchun 130033, China;

4. Changsha Mineral Resources Supervision and Inspection Center, Ministry of Land and Resources, Changsha

410007, China)

HIGHLIGHTS

(1) The correlation coefficient and enrichment factors indicate that heavy metals in the sediments of the Changhua,
Luodai, and Sanya River estuaries were mainly determined by the geological background.

(2) The composition of PAHs in the sediments indicates that they originated mostly from the low — temperature
combustion of biomass.

(3) Risk assessment shows that heavy metals and PAHs in the estuary sediments of the Changhua, Luodai, and

Sanya Rivers have low ecological risk.
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ABSTRACT

BACKGROUND : Heavy metals and polycyclic aromatic hydrocarbons (PAHs) are the ecological research focus
because of their teratogenicity, carcinogenicity, and mutagenicity. Hainan Island is China’s first ecological civilization
pilot area, and the continuous acceleration of urbanization will increase the pressure on environmental protection in the
estuary area. The Changhua River, the Luodai River, and the Sanya River are important seagoing rivers in Hainan
Island. At present, there is a lack of reports on heavy metals and polycyclic aromatic hydrocarbons in the sediments of
the Changhua and Luodai Rivers, and there are differences in the related research results of the Sanya River.
OBJECTIVES: To understand the characteristics, source, and ecological risk of heavy metals and PAHs in
surface sediments from the estuary of the Changhua, Luodai, and Sanya Rivers in Hainan Island.

METHODS: Sediment samples from the three estuaries were collected. Inductively coupled plasma — mass
spectrometry/ optical emission spectrometry (ICP — MS/OES) and atomic fluorescence spectrometry were used to
determine the content of heavy metals ( As, Cd, Cr, Cu, Hg, Ni, Pb, Zn). Gas chromatography — mass
spectrometry was used to determine the content of PAHs. Source apportionment was further explored based on the
correlation analysis and composition of the contaminants, and the ecological risk evaluation was carried out with the
potential ecological risk index (PERI) and sediment quality guidelines (SQGs).

RESULTS: The average contents of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in the sediments of Changhua River
were 3.24,0.03, 7.03, 5.33, 0.007, 3.06, 16.9, and 14. Img/kg, respectively. The corresponding values of
these metals in Luodai River were 4. 81, 0.02, 7.69, 4.56, 0.010, 3.29, 18.3, and 14. 7mg/kg, and the
corresponding values in Sanya River were 5. 83, 0.05, 15.3, 8.28, 0.021, 4.91, 21.4, and 29. 8mg/kg.
Exception to As, the concentration of other heavy metals in the sediments were below or close to the Hainan soil
baseline , showing little heavy metals accumulation effect. The contents of PAHs in the sediment range from 3. 48 to
56.6pg/ kg, from 8. 72 to 56. 8ug kg, and from 6. 41 to 573. 9ug/kg for the Changhua, Luodai, and Sanya
River, respectively. Compared with other regions, the sediment PAHs content in the study area was relatively low.
CONCLUSIONS:; Arsenic in the estuarine sediments of the three rivers and Cd, Cu in the Sanya River are
strongly influenced by anthropogenic factors, while the regional background mainly influences the remaining
elements. PAHs originated mostly from the low — temperature combustion of biomass. The ecological risk evaluation
demonstrates that the biotoxic effect of the heavy metals and PAHs is not obvious, mostly with low ecological risk.
The present study on heavy metals and PAHs contamination in surface sediments of the three estuaries will provide

a reference for future research.

KEY WORDS: heavy metals; PAHs; inductively coupled plasma — mass spectrometry/optical emission

spectrometry ; gas chromatography — mass spectrometry; estuarine sediments; ecological risk; Hainan Island
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