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Abstract
In this paper, the ecological environment monitoring of seawater in the estuary of Kaozhou Ocean
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was conducted in the spring and autumn of 2022. The pollution status and ecological assessment
of heavy metals in seawater were studied by means of arithmetic mean multi-factor index method
and risk entropy evaluation method. The results show that the sea water quality of the sea water
in the estuary of the Kaozhou Ocean is good, and the content of 6 kinds of heavy metals in the sea
water meets the second class standard. The results of arithmetic mean multifactor index method
show that the pollution level of sea water is clean, and the contents of Cu and Pb in sea water at
station 5 are the highest in spring and autumn. The results of risk entropy evaluation method
show that the risk entropy of Pb is much less than 0.1, and the ecological risk is low. As and Cu
have obvious ecological risks to Marine organisms and need to be paid attention to. Pearson anal-
ysis showed that Cd and Hg had the same or similar sources in seawater, and salinity significantly
affected the distribution of Cd elements.
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1. 518

HUERF L) 7T1% 2P, R TS /KL N ER SOK B 97%. IRF/K ARS8 e ik 1 Bk B 2
BB, R IR BT e i b X 5 R B M R AN C R L 2R . i E 2021 4,
TR E — AR AR E R AR 28 5 38 B RN 97.7%, i R0 R AR I 5 81.3% [1], g
AR ASORA UL BT (4 RO

MK EE )RR TR, GRFEEARRMINE R, Rk Sa R BAKHR 2], K
[31%F. HEJEIEM RS A RREENT A . SRR SRV s, ARG ETER A AR, T H AEiE
I B R B N AR, B 2t N R R A fE (4] B INTEE v BN B K IR . —
X5 IR NI RIS T B & RS PP, i E &R RIR A EEEH .

UE R, [ PN Ah 226 2 PN N AR i 3T J T — B I 9T . # RS [5]F 78 K IR 2016 4F B M
I FEASR R EKFERT ESE, FEEARE T AL EMGE RS . a5 N[6]FH 2017 4F 11 H
H1 2018 4F 4 H X E PN AR B E ST S, FEHFF DO COD. DIN F5E/K 5 K+ K70 A 5 27
ARG DL . SHHLSC[71%F 2018 4F 10 H A1 2019 4E 4 H KIS WIS T SLR A 2, B 78 B i 8K B is e
T iE R, ERGE TG REDILEZR ™ E . M/ P80 2019 425 PHIE NI L1 /K oK . G ER
BEATHETS, WK R, BT iSRS g m. RTHEMNEANE D ESEL TR KoM 5
Ak D

AL FERAEERTERMNTIK 6 FhE S8 RN R, KR S 85 R IR AR,
Xof 6 Flv & JRIEAT A OGRS HT, AN B R 22 U (1 AT RS R R SR A S (K

2. MRER*E
2.1 HmESE
2022 4 5 H(HFZE). 2022 4 9 A (FKZE)TEH PNEENEG D ABUT ISR AE A 6 A, SRAESG A7 20 A7 L
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Figure 1. Distribution of sampling stations

B 1 REsI o

2.2. BEaSTHT

WK A KR H S 3RS TE R T AR AR, R 2 S 80K 7 i (48 E WTW MULTI 3501)
HHATHA IR EEEEE (EPEETATE) (GB 17378.4-2007) % AT R AR I /K BT BT AL HE 5 4347 .

Cu. Pb. Cd. Cr ¥JRF T KIAR T W e B v . BOSEKRE T EL i, Wnde nal, WY
WEAE pH E, MAEEVATE SRRy S5, PRI 6 E TR TG 28 AA-T050) T 451iF
B R REAT I E

As. Hg PR R 720tk . BUTIEKFET L@, BRERIATIHM, B BBUH GRS i e B
W AR 2O T (AR R AFS-930)#E47 M 5E
2.3. NI
2.3.1. ERHERSEFEREE

AR FARYIE 2 T Ha B0k 9] [101E4T VR, A RW T

1 n 1<n C

I ZHZizlli n i:ls_i @
H VAEARBMEZ R FHREG | R ETARHETREG CONEE | Ms e s T3 B, S, N8 | Flis
AN bREAE, A SCHRYE GBGB3097-1997 K H [ X R /KA AR ifE, ZIESCHR, | Frxd B Y5 Y2k

A R AKBAE S ANE 1 Frs[11].
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Table 1. Water quality evaluation grading standards
= 1. KB 3 RbmE

UNEiEE 5 G285 KRS
1<0.2 T =
02<1<04 I VR R4
04<1<0.7 B —
07<1<10 HhRE S e 7
1.0<1<20 5 W
1>20 71 By e e 7

2.3.2. MEKEITEME
KK (RQ) 15 e i) B 5ot 5 AW AT 3632 48 B FUAB [11] [12] [13] KU RSTEA 9:38  FH SR SR o
KA EEENEEEYRESKEREE, SWRERS A CH[14], EARXN:
HC

PNEC = -5 2
SF @

EEC
RQ=—— 3
Q= bNEC ®)

A EEC MR ERAUE, ASCRAE R IISHE . PNEC NTIITCRNARE, HCs Jyfi a1 U
PE RIS (SSD) 1) 5% 1 4. HCs fE L7 2 [15]. SF M4 A REtER 7, HURSFA 5. WAMFRHEIL 3.

Table 2. Fitted toxicity values HCs for marine organism

=2 EFEMUAEME HC

VI 3 Cu Pb Cd Cr Hg As
HCg;/pg'L71 3.46 234.06 1.07 25.43 2.84 0.50

Table 3. Risk entropy evaluation criteria

3= 3. R MIRE

RQ e
RQ<0.1 BRI TR KU
0.1<RQ<1 AR S RS
RQ>1 A A AR

2.4, BIBHH

L R R P A R i A 5 VR P B, Bl i BT 52 B Excel 2010, SPSS S8 1+
3. ZEREITIR
3.1 FESH

2022 75 H(HEZF) 2022 4 9 H(FKF) MR AL R R, FBIMFENIE DB K & 68 & f39(H
M BRAIBF K Cu > Cr > As > Pb > Cd > Hg. fEFZER AT, 7K b % 55 6 i & B 70 AT RFAE N 1 -
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Cu: FEFHRH, RIZHE/KEEILEN 2.4609~9.4907 ug/L, THEEN 67614 pg/L; JKZHE
JEEEA 0.1270~7.5790 ug/L, “FHI& 8N 3.8474 ng/L. AKERHRT, RZHEKSETEHE N 0.6606~4.1052
pg/L, “FHI&E RN 2.5280 pg/L; JEESETEEN 0.5288~1.9252 png/L, “FHI&E AN 1.4354 pg/L. HEZEHi
o, RZHEK JRZEAKFTEEE K —REAKT . HE 2 51, BN S5 E/KH Cu & &
B dR
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Figure 2. Cu content change in seawater (ug/L)
2. K Cu BEET K (ng/L)

Pb: FFAUX T, Rz RJZ /K P 2 & BTG H R KT 3R 2K & R B D 0.0083~1.4050
hg/L, “PEIEEI 04082 pglLs RIEHEED 0.0150~1.4313 pgll, FHITEHA 07505 ngL EI S A,
3 5 K P & LA

B HEERR
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Figure 3. Change of Pb content in seawater (ug/L)
&l 3. 587k Pb 2L (ug/L)

Cd: HFFEMUX T, X)ZHK Cd & BACT R R, JRJZ /K Cd PN AL S & 537124 0.1087 pg/L.0.0987
ng/L, HABBEAI & BT IR, HR4E GB17378.2-2007 (MFyEIIINTE) , HHARER KT EEN
0.0362 pg/L. BKEHRHEENK S ETEE 0.0494~0.2847 pug/L, “FH&E N 0.1024 ng/L; KESET
FEIA 0.0464~0.2589 pg/L, P14 &M 0.1005 pg/L. FEKHEENRF, RZEK. KEEBKEFEER—
FEAOK TR UE . HHEE 4 1, BFBFIRZET, S0 5 KT Cd FEEmE, KEMRTEA 1 RZ. K2
K Cd & B
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Figure 4. Change of Cd content in seawater (ug/L)
4. g7k Cd 2T (ng/L)

Cr: HZEfkt, RKZH/KEETLE N ND~5.7832 pg/L, TH&E N 25216 pg/L: KESEEEAN
ND~0.7837 pg/L, “F-¥) % 5 0.6362 pg/L. MUK R IZHEK S B0 E Y 0.0494~2.7886 ng/L, T4
BN 1.1063 pg/L; JiKJZ & = IEE Y 0.1393~1.3609 pg/L, VY& &N 05997 ng/L. FAKBEENIKF, *
EiK. KRB A EE AR TARE. HE 5 A, FBEA 4 MRZK. RERKSE
e, KEERZEKEEAL 2 e, RIZEKEAL 4 & 2.

nEFRE
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Figure 5. Change of Cr content in seawater (ug/L)
B 5. Y7k Cr 8% (ng/L)

Hg: HZEfikd, £EHKEEIEES 0.0032~0.0091 pg/L, FHI&E 4 0.0065 pg/L; JEZESEE
[l >4 0.0044~0.0082 pg/L, “F¥15 &4 0.0065 pg/L. FKZEHTIKH R JZ MK & &3 Fl Y 0.0621~0.0905 pg/L,
&N 0.0723 pg/L; JRESE TR 0.0621~0.0807 pug/L, P& E A4 0.0692 pg/L. HEZEHikt,
REWHK. KRBT ER AR TR, MAKERRS, REBK, JREBKSFEER
RIGAKTbrHE. B 6 51, HEREEAE 2 Fim, KK 1 & EfRs, KEWA 1 IRE
MK R )Z K B B 5 o

As: WER, FFRuEAL N 5 RIZEKHISTHAE, BOTBIRIHATHR. KBS RTR, RZEKE
By 0.5533~0.8417 pg/L, &8 0.6909 pg/L; JiE/E & BTN 0.5341~1.2121 pg/L, P& E
4 0.7303 pg/L. FKEMIK TR ZHRKSETLE N 0.4894~0.6115 pg/L, &N 05447 pg/L; JRES
FIEHN 0.4256~1.6374 pg/L, T34 8N 0.6832 ug/L. FAKPENIKF, REBRK. KZERKYHTAE
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Figure 6. Change of Hg content in seawater (ug/L)
6. g7k Hg 22X (ug/L)
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Figure 7. Change of As content in seawater (ug/L)
7. 3K As FET M (ug/L)

3.2. SFITEM
3.2.1. BIIEHRIEMN

KPS R ESEG RN EE R NE 4. FTESERRTS BN T 1, WHiZE
R E LR B KB E R I AOKRARER ESR . 2022 EHEFRER/KSESBISREE N
&HIHEFF N Cu> As>Hg > Cr>Pb > Cd, JEEEKSELBEGIEEHEHIMKNHF A Cu>Hg> As >

Cd > Cr > Pb, 2022 FEfKZFEZH/K = EMRAIHEF N Cu>Hg > Pb > Cd > As > Cr, JEZH/KEESR
5 YRR B = B A9 HEF 8 Hg > Pb > Cu > As > Cd > Cr.

3.2.2. EMAHTEARNER S E FIRBTEN

M4 2022 AEHAALR IR A, RAEARER 2 B FHE0MNE, SHATE8EE 1, MR ALY
ERZHFIRECE AL 8. MK 5 7I%1, 2022 FHEKPZEIT A A SUKR R, & TEEHR. Hh
2022 FHIHEFERZEK P HEEEEARIEM 2 K 8808 L HE /£ 0.0005-0.6761 pg/L Z (8], “F3#{EH K
0.1594 ng/L, KM HIAERAL 55 JRJZ /K &8 HAIIE I 2 A e HUB L ia I 7E 0.0064-0.3847
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ng/L Z 6], “FH{EA 0.0910 pg/L, HAMEHIERAL 5. 2022 FEKERZR KT ELBREARBENL
KR HCR AL YE I 7E 0.0111~0.3615 pg/L 2 18], ~“FI{E N 0.1243 pug/L, e KA HIAESGAL 5 JiKJZHEKH
BERAEARE A L KT8 B8 L 15 BIE 0.0060~0.3461 pg/L 2 7], P14 0.1148 pg/L, & A H I
FESEAL 5o R ZHFRKIKEREARLMER 2 748507 351E(0.1243 pg/L)#s/NT%25(0.1594 pg/L)F¥ME, ik
JE KK ARIIE A 2 K T Fa P 358(0.1148 pg/L)I& K F752%(0.0910 pg/L)FHE.

BRPIZMK Y 6 MESBNSERIAF, L THEKZEKE S RAMEMWE, KEMRKRT
RIZITFEHER, 2R ELB D MAAEARF D HIR[16].

Table 4. Pollution index values of each heavy metal/ug-L™

4 SESERNBRERE LT

2022 5 H 2022 %29 H
WiH
Ju WIE bEEE| WIE
S 0.2461~0.9491 0.9761 0.0661~0.4105 0.2528
Cu
B 0.0127~0.7579 0.3847 0.0529~0.1925 0.1435
S ND ND 0.0017~0.2810 0.0816
Pb
B ND ND 0.0030~0.2863 0.1501
S ND ND 0.0099~0.0569 0.0205
Cd
B ND~0.0217 0.0072 0.0093~0.0518 0.0201
S ND~0.0578 0.0252 0.0051~0.0279 0.0111
Cr
B 0.0020~0.0078 0.0064 0.0014~0.0136 0.0060
S 0.0158~0.0453 0.0325 0.3107~0.4524 0.3615
Hg
B 0.0221~0.0410 0.0324 0.3107~0.4033 0.3461
S 0.0184~0.2601 0.0625 0.0163~0.0204 0.0182
As
B 0.0178~0.0404 0.0243 0.0142~0.0546 0.0228
S 0.0005~0.6761 0.1594 0.0111~0.3615 0.1243
HABMEZ KA EUE
B 0.0064~0.3847 0.0910 0.0060~0.3461 0.1148
0.0025 -
—o—FERE
—o— 5K
0.0020 - KEXRE
—— KFLE
0.0015 -
0.0010 -
0.0005 -
0.0000 , : . T . T T T T T . ,

T1 T2 T3 T4 T5 T6

Figure 8. Comprehensive pollution index changes in the spring and autumn of 2022
[ 8.2022 F & . MAENEARERSEFEETL
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Table 5. Combined pollution index values for Spring and Autumn 2022/ug-L™
#5.2022 &, WBTHWEARNERSE FiEHEUg L

TiH T1 T2 T3 T4 T5 T6
BERE 0.1097 0.1538 0.1817 0.1940 0.1991 0.0660
FERZ 0.0174 0.1057 0.1508 0.0328 0.1672 0.0722
HER)R 0.1125 0.1339 0.1446 0.1010 0.1733 0.0803
BEFRE 0.1316 0.0954 0.0906 0.1327 0.1511 0.0873

3.3. REEREEITN

WAL T HMPENE D, ANE T SIWEHEX, 22 ELEGRATRMER, M
IR A 22 A B i, DRI AT A A8 R PPN 6 B, AR SR FH RS 925
Xof VA A W AT R 2 A, A9 30 6 Bl EE G B eH g AR B RS A 6. X RQ BMEREAT /4, HH
K 9 #1453, HERZ K 6 FhE 48 76 R 10 X (RQ) H & B HEF 4 As > Cu > Cr > Cd > Hg >
Pb, JKJZ¥F/K 6 F H 4 J& 70 K (1A (RQ) H =1 2K 1474 As > Cu > Cd > Cr > Hg > Pb, 2022 £k
Z=RZ K 6 FhE &8 70 F 1 XU (RQ) B i 2RI HEF 9 As > Cu > Cr > Cd > Hg > Pb, JiK/Zi7K 6
T 2 4 J& G 2R 1 XURS 465 (RQ) HH = BMIR B HE /7 9 As > Cu > Cd > Hg > Cr > Pb.
Rk E, P RS N T 0.1, AR, X558 nTaERE & E4EE Pb XA
P AR [15] . AR SF BURSFAE 5, (HIRIEHAE 27, As. Cu KA RMAESKK, FEIIEK

£
Table 6. RQ index
6. RQ 5%
2022 45 H 2022 49 H
TiH
G B8 1 B
S 3.5561~13.7149 9.7708 0.9546~5.9324 3.6532
“ B 0.1835~10.9523 5.5598 0.7642~2.7821 2.0743
S ND ND 0.0002~0.0300 0.0087
i B ND ND 0.0003~0.0306 0.0160
S 0.0117 0.0117 0.2308~1.3304 0.4784
“ B 0.4612~1.2500 0.9949 0.2168~1.2098 0.4695
S 0.0393~1.1371 0.4958 0.1007~0.5483 0.2175
o B 0.0393~0.1541 0.1251 0.0274~0.2676 0.1179
S 0.0056~0.0159 0.0115 0.1094~0.1593 0.1273
"o B 0.0078~0.0144 0.0114 0.1094~0.1420 0.1219
S 5.5327~78.0321 18.7628 4.8944~6.1152 5.4469
& B 5.3406~12.1211 7.3025 4.2560~16.3744 6.8320
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Figure 9. Changes in the mean RQ index in the spring and fall of 2022
9.2022 £ & HAEH RQ FHIIETIL

3.4. XM

XKL CEE R AT Pearson 34, LAE—2D 1K @RI . thee 7 WAL, HEEKT,
Cd 5 pH. #£. Cu. Hg BMEFE EAS, ¥l Cd iR 5K pH. shEEA G, M, BaH T
Hm Cd TR MEMA ST HL RS0 —8[13]; FI, Cd 5 Hg. Cu HARVENM; WEEL 7, Cr M
As B FE TR, UWHPEREAR . KEHKRKT, Cd 5EEEREIEME, SHEFLHR
3 7 AT, Hg 5EEREEZEAMRK, 5 Cd BHREFIEMR, W Hg 5 Cd fRIEAH F kL. Cd
FEREF I ERR SLRELR, Hg R RN, 208N R FEUTEENIGEE, HED Hg mTREREE 1A

BB LU 7 S N K AR IR 85

Table 7. Correlation analysis

7. EXMEDH
EiEL7n pH hE DO B Cu Pb Cd Cr Hg As
pH 0548  —0.067 -0.767"  0.350 ND 1.000™ 0188  -0.567  0.149
EhpE 0.049 -0.413  -0.579"  0.693" ND 1.000™  -0.360  0.094 0.282
DO -0.014  0.290 -0.120  —0.300 ND  -1.000" 0.043 -0540  0.053
Y53 0238  -0.012  0.091 —0.258 ND  -1.000" 0.323 0392  -0.080
Cu -0.242 0276 0144  —0.347 ND 1.000”  0.164  0.042 0.417
Pb -0.455  0.081 -0.315 -0.487  0.000 ND ND ND ND
Cd 0263 06507 -049 -0.106 —0.460  0.213 ND 1.000” -1.000"
Cr 0.133  0.009 -0.138 -0.250 0.499  -0.092  -0.058 -0.547  -0.218
Hg 0317 -0.687° -0.297  0.027 -0514 -0.060 0.794™  0.082 0.253
As -0.566  0.093  0.165 0.085 0.069  0.394  —0.074  0.073 -0.019

T BAEAT LN EBMARNE, 72K G "FRORTE 0.05 KF E2RFEME, TR 0,001 K

Ry AT e PN
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¥/ N[814E 2019 4ERIBTFTAHEL, Hg (0.018 ug/L)EZEMik-FH &8 T, As (1.99 ug/L) B4k

RN, —J7H, As FERJET TAVEK[L7] [18]. 5 —7J7 M, Pb EERIFETF TR, KUIFE.
FEARTRR & ELRRE R [19], T Pb AR 2L R Y, KRR B B A, D A S oKk MV R /K HETR
3 PSR B 4 5 Jeli s, KT BT IR B SOR R

4, g5ig

1) R )E KR EHEKH Cuy Pby Cry Cd. Hg. As % 6 Pyt R IBMAFF & E K 288 /KK bx

HEREDSR . HARBMAM Z R T 18 8UR R, %R AT R BRI NTER . FZEELL 5 #EK+ Cu. Pb
SRR, ARTREAL 5 n5E .

2) KBS RIEVE 45 BB oR, Pb XS /N T 0.1, A XESEIE; As. Cu MHEEAY A BT

AR, FEGERE.

3) Pearson 7} HTioR, /K Cd 5 Hg. Cu BATAA R SR LRRIE, EhEE & F(E T Cd JLR M1

SEEk

(1] RN SR E A A TR . o AR S TR BRI AR R]. 2022

[2] F%. STl A HENE D RSB A. RIETG A [D]: [0 3], T TR,
2018.

[3] Budianta, W. (2021) Heavy Metal Pollution and Mobility of Sediment in Tajum River Caused by Artisanal Gold Min-
ing in Banyumas, Central Java, Indonesia. Environmental Science and Pollution Research, 28, 8585-8593.
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