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Heavy metal accumulation characteristics and potential ecological risk assessment of

Enhalus acoroides beds on the east coast of Hainan Island
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Abstract: To evaluate the environmental quality of Enhalus acoroides seagrass beds in the coastal waters of
Hainan Island, based on the survey results of typical distribution areas of E. acoroides seagrass beds in autumn
2022, the contents of heavy metals (Pb, Cr, As, Zn, and Cu) in seawater, sediments, and E. acoroides, as well as
the growth characteristics of E. acoroides, were analyzed, and the potential ecological risk index method was
used for evaluation. The results showed that the single heavy metal E’r values of seawater and sediments were
all <40, indicating a low-risk level. The comprehensive R/ rankings of heavy metals in seawater and sediments
in different sea areas of seagrass beds were Gaolong Bay > Lian harbor > Longwan bay > Changpi harbor >
Xincun harbor; sediment—Changpi harbor > Gaolong bay > Longwan bay > Lian harbor > Xincun harbor,

respectively, and both were <150, indicating that R/ belonged to the low-risk level. Among them, seawater Pb
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and sediment as accounted for 49.3% and 45.3% of the comprehensive R/, respectively. The enrichment of

heavy metals by E. acoroides varied with the types of heavy metals and different tissue parts of seagrass, and

the enrichment capacity of aboveground tissues for heavy metals (Pb, Cr, and Cu) was higher than that of

belowground tissues.

Key words: Enhalus acoroides; seagrass meadow; heavy metal; ecological risk assessment; correlation
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Fig. 1 Study sites of Enhalus acoroides beds in the nearshore waters of Hainan Island
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Tab.l Basic environmental variables in the Enhalus acoroides seagrass beds
VSR X AR K I/m pH HhEE B Y% KR/ C EFY/mg L AL eS|
BE=T=11E 1.07+0.12 8.20+0.01 30.8+0.01 23.6+4.5 30.4+0.3 742 PFRAR(sG)
CE KU 1.00 8.15+0.06 32.6 21.5+6.4 30.6+1.1 5+1 Wik (sG)
Byl e v 1.00 8.060.06 33.2+0.02 30.7+6.5 27.3+0.4 18+3 fib(S)
B AK BT AT 1.57+0.23 8.19+0.02 25.0+0.02 26.0+£7.0 27.7+0.6 942 R (gS)
b5 K B s 0.87+0.23 8.210.02 32.8+0.02 32.0+1.7 29.9+0.5 7+1 R (gS)
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Tab.2 Certified reference material for heavy metals of vsrious elements

WR JCH FRiED) 5T ity FrifE(E K E
Pb/ugL” GBW(E)080 040 10.23+0.6 10.40+0.19
Cr/mgL' GSB07-3186-2014 0.496+0.022 0.511=0.008
ik Zn/pg L™ GBW(E)080 040 71.61+3 71.3741.29
Cu/pgL” GBW(E)080 040 5.115+0.4 5.144+0.143
As/pg'L’ GSB07-1275-2000 38.3+3.5 37.4+1.7
Pb/mgkg ' GBW07314 25+4 25.5+0.7
Cr/mgkg ' GBWO07314 86+4 85.0+1.8
VLR Zn/mgkg' GBWO07314 8742 84.8+1.0
Cu/mgkg' GBW07314 3144 34.6+0.4
As/mg-kg ' GBW07476 10.720.6 10.6+0.4
Pb/mgkg " GBW10048(GSB-26) 2.740.7 2.45+0.11
Cr/mg-kg” GBW10048(GSB-26) 1.35+0.22 1.27+0.05
ER7 NG =) Zn/mgkg ' GBW10048(GSB-26) 26+2 25.240.5
Cu/mgkg " GBW10048(GSB-26) 8.240.4 8.1£0.06
As/mg-kg”' GBW10048(GSB-26) 0.39+0.08 0.372+0.012
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Tab.3 Environmental background concentration and the toxicity

coefficient of heavy metals

EER Cu Cr Pb As Zn

— oK Frhiif g L 5 5 1 20 20

—KUIBW AR /mg kg 35 80 60 20 150
VBT S (H/mg kg ! 15 61 20 77 65
BEEREL 5 2 5 10 1

x4 BEESKRBIEHRITNIRE

Tab.4 Potential ecological risk index and its classification

E! PATHA S XU S5 ) RI LA A BN AFH
<40 R RS <150 R RURS:
40 ~ 80 rhXU: 150 ~ 300 rhOXU:
80 ~ 60 R AR 300 ~ 600 bl i
160 ~ 320 e RS =600 o AU
=320 R e RS

2 HBREIHE

2.1 i EH T RRE SR S e s

Vi P 5% IV B TR U R A A A
T TS MK IR AN E TP AR
YT S, WKESE Zn i, 4 3.04 ~
9.16 pg/L; Pb & i e fik, 27 0.36 ~ 0.53 pg/L. i
Y 48 Zn & &t fe s, R 3.04 ~ 19.3 mg/kg;
As B, M 0.78 ~ 9.52 mg/kg., W B M

AR N HZUP Y Zn & fem, 0 7.57 ~
15.43 mg/kg Fl 1.72 ~ 7.47 mg/kg; Cr & 7 &A%,
43514 0.61 ~ 1.40 mg/kg 1 0.48 ~ 0.96 mg/kg.
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Tab.5 Heavy metal concentrations and enrichment factor (Fyc) of the Enhalus acoroides beds in nearshore waters of Hainan Island

H4)E Pb, Cr. As, Zn fll Cu i & £ HAH E %
WERKICHIEETEXT As F1 Zn 19 &
A 0.18 1 0.52) EEE P IEHL T 4]

FoAth 34 Jm B 2R AR A Bl i R 2L

TR XA Bzt Pb Cr As Zn Cu
K 0.53+0.22 0.94+0.07 2.0+0.71 5.60+1.94 1.98+0.56
TUERY) 7.69+0.43 15.0+£2.33 6.34+1.76 13.8+1.77 3.71£0.75
Hh b4 1.40+0.47 1.37+0.44 1.210.20 7.57+1.09 2.91+0.54
SCE TS T4 1.03+0.08 0.96+0.14 1.28+0.28 5.94+5.01 1.90+1.04
Fpcih B 0.18 0.09 0.21 0.56 0.83
FpcHi M 0.13 0.06 0.21 0.47 0.55
Fr 1.36 143 0.99 4.35 1.99
K 0.44+0.05 1.01+0.06 1.40+0 3.04+1.44 0.94+0.06
TURY) 7.79£0.57 21.7+2.34 9.52+1.89 16.242.85 5.11+0.34
Hh 220 0.92+0.22 0.61+0.09 0.98+0.23 8.30+7.42 2.71+1.57
A KL iR 0.63%0.17 0.66+0.09 1.43+1.00 7.4743 .45 1.69+1.06
Fcith FZHZ 0.12 0.03 0.1 0.45 0.51
FpcHi M 2HA 0.08 0.03 0.18 0.52 0.35
Fr 1.67 0.96 1.55 1.99 3.59
K 0.48+0.14 2.07+0.92 1.33+0.05 5.33+1.42 0.77£0.21
TR 6.01+3.33 18.3£1.1 5.02+0.86 19.3+6.06 3.88+0.56
i 112 2.45+0.99 1.40+0.37 6.85+3.65 9.61+2.47 2.24+1.19
firdioy/ At L 1.03+0.49 0.635+0.24 3.69+2.10 4.02+2.44 0.52+0.16
Fycith FZHZR 031 0.07 1.38 0.64 0.62
FpcHi M 2HA 0.05 0.01 0.39 0.14 0.03
Fr 2.53 2.39 2 8.51 6.04
K 0.36+0.05 0.810.12 0.77+0.12 9.16+2.75 1.28+0.77
I 1.50+0 1.0£0 0.78+0.10 3.0£0 2.79+00.04
b 240 0.93+0.32 0.76+0.25 1.45+0.39 15.43+2.88 4.57+1.62
B KT i HTFHA 0.44+0.14 0.48+0.23 0.96=0.01 1.72+1.62 0.59+0.36
Fpclih 122141 0.62 0.67 1.97 3.46 1.63
Fpc 2141 0.09 0.04 0.26 0.37 0.31
Fr 2.13 1.77 1.51 18.17 8.9
K 0.41£0.05 1.16£0.23 0.90+0 8.03+0.93 1.46+0.14
TR 5.60+5.80 12.148.1 1.96+1.40 12.246.60 3.82+0.59
i 1.28+0.15 1.40+0.50 1.09+0.16 11.06+2.70 3.64+1.39
B 7K B R 0.63+0.29 0.84:0.46 1.19+0.52 6.51+4.51 1.00+£0.49
Fychth FZHZR 0.56 0.08 0.82 0.66 0.97
Fpcih FHE 0.22 0.04 0.79 0.38 0.28
Fr 2.31 1.83 1.13 5.93 438
T WK R A i L Ry /L ORI B A 2R 1 B 4 A PR mg kg
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Tab.6 Heavy metal concentrations in the seawater, sediments, and biota of the Enhalus acoroides beds in nearshore waters of Hainan Island

and other marine areas

A W5 X 35 Pb Cr As Zn Cu PR IR
LTRSS 0.55~0.74 / / 7.70 ~ 12.84 1.06 ~ 1.60 [10]
s 1.75 3.16 1.24 17.5 3.05
Ko 0.93 0.69 3.25 3.74 2.14 [20]
: b7 SN} 0.77 0.49 2.98 9.58 1.88
K o
VLA ELT 0.64 / 1.53 10.18 3.14 21]
20144F 1 R HTA s 0.87 / 1.66 14.49 1.9 [12]
R KT A 0.057 / / 0.082 0.078 [22]
T E IR 0.44 121 127 6.46 131 BT
AR o AR C R 14.7 59 10.5 62.5 24.2 [26]
B AR 11.30 ~ 26.80 / / 22.87~74.10  4.97~13.40 [10]
B 18.62 30.95 9.63 33.08 24.81
Kyt 22.1 17.87 6.51 75.75 23.03 [20]
TRV 24.61 15.04 17.73 29.47 11.94
pRiaty TR S 159~275 / 4.7~119 53.5~76.8 17.7~29.5 [21]
ML 452 18.7 8.8 75.7 14.9 [27]
19844 B2 KT s 26 / / 97 16 [28]
20124F i R s 13.41 9.1 0.48 37.63 22.1 [13]
20 1441 AT R s 18.32 / 8.05 63.97 15.37 [12]
T BT RLR 5.57 13.11 438 3.77 12.64 EN
i b2 0.62 ~3.01 / / 1937~41.03  6.13~11.24
Ml b ZH 0.39 ~ 3.69 / / 13.24 ~22.07 4.04~721 1]
AR
T L 414 0.92 ~2.45 0.61~140  098~6.85 7.57~15.43 2.24~457
T E T 220 0.44 ~ 1.03 0.48~0.96  0.96~3.69 1.72~7.47 0.52~1.90 i

T 7 Fon B s MoK G &t L g/ Ls TR AN AE WD IR EE G 35 4 S 2 ymg kg

T B TN AN TR B 4 1 5 AR RE 1A AE 22 5, X
Zn [M)E R R EEOR, Ho B T 4285 Zn 19 &
£ 2B RIH 0.45 ~ 3.46 F1 0.14 ~ 0.52; XF Cr 14
AR BN, M A R AU Cr i E R
B oM 0.03 ~ 0.67 F10.01 ~ 0.06., AF & ik X 8
4 J& Pb. Cr. As. Zn fl Cu Wi fEE 2 5, Xt
Zn WEB HE K, A 1.99 ~ 18.17; X} As %%
BRE S /N, T 0.99 ~ 2.00,

Vi . = B 5 3 R AR 3 3 WK AR AT AR
150 G Rl ) R N e il i 4 S B
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Fig.2 Potential ecological risk assessment of seawater

heavy metals in the Enhalus acoroides beds in

nearshore waters of Hainan Island

Vi P 5% AV T T A DR i K B
)BT A A S KU 45 2 (EL) 2 Pb>Cu>As>Zn>
Cro /K Pb YW 75 A 25 KU 45 2 R AR XU,
AR BAE 25 A W e R S KU FR B (RD Y o5 L
A 49.3%, il B L3 P AH G i, P UT R sk
Wy, R KA AR T E R E R, Pb &

W

IRt

(=]

SCRRRETS SCEIICHE BRI BOKHNHE KK R

B3 BEREIEBEHBEREBERNRYNESREEE
R

Fig. 3 Potential ecological risk assessment of sedimentary

heavy metals in the Enhalus acoroides beds in

nearshore waters of Hainan Island
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Tab.7 Potential ecological risk of heavy metals in the sediments of different nearshore area
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Fig. 4 Growth variables of the Enhalus acoroides in

nearshore waters of Hainan Island
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Fig.5 Above- and below-ground biomass of the Enhalus

acoroides in nearshore waters of Hainan Island
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Tab.8 Correlation coefficients between the growth of Enhalus acoroides and environmental factors in nearshore waters of Hainan Island

WHER 7SS 7N i ERRE AW
Pb 0.019 0.301 -0.05 -0.025
Cr —0.575% 0.062 0.181 -0.07
KIS As 0.069 —0.453 -0.432 —0.533*%
Zn 0.203 -0.028 -0.162 0.063
Cu 0.617* -0.356 —0.342 -0.052
Pb —0.043 0 —0.304 —0.264
Cr -0.348 -0.058 —0.084 -0.176
TR A 5L As -0.037 0.058 0.047 —0.043
Zn -0.301 -0.391 -0.241 -0.243
Cu -0.356 -0.036 0.136 -0.042

1 *FIRTEp < 0.0SHEFR AT 2 BEM KR
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