(N
Haiyang Xuebao

ot Ha4l
2020 4F 4 H

Vol.42 No. 4
April 2020

MR35, B 4e, PRI ER, 5. 2% 5L I T 5V ] E) D B ITC AR T ACEE R R R < ) T L AR AR (D], T VE A 4R, 2020, 42(4): 113121,
doi:10.3969/j.issn.0253—4193.2020.04.013

Chen Yueqin, Luo Wei, Sun Conghui, et al. Pollution characteristics of micro plastics and heavy metals in the intertidal zone sandy sediments of
the offshore area of Qinhuangdao[J]. Haiyang Xuebao, 2020, 42(4): 113-121, doi:10.3969/].issn.0253-4193.2020.04.013

&= 2 B F i858 B R B AR 4 R iR B
ME &R ITRFFE

RAE, Bg, IRE, Zkal

(1. R HEITE Ay T /K B8 IR 5 K BR 988 T 05 S 28, R 300387; 2. W B RF 4B A S H BB SE b Sl 5 KA 2
B XK E AL, JLAT 100085)

WEATHELSERE, FlH 0 NaCl 35 Rt &= 2 5 3t 5 ¥ 3008 6] 4 20 JOU0AR 4 & o 4 2 B AT
THHMPERE, RABMASRE T Lo THEERE LW R ERFREE AN, & 638
W, F B 48— % {1 (Scanning Electron Microscopy Energy Dispersive Spectrometer, SEM-EDS) *T 1% # %}
HE 5 B AT OW T A0 WL A KRR 2 B9 0 AT o 3 % FL 1 2 AR 48 48 (Geo Accumulation Indexes, ,.,) 7 & &
% ¥ (Enrichment Factors, EF) 2 M & ARG P E4LE Hg.Cd M Pb i L K FfnE 4 E . 4B JE
LR 41 # %% & & (Loss on Ignition, LOI). % A #L# (Total Organic Carbon, TOC), ¥ & (Total Nitrogen,
TN) DA R 8k & 0 R € 8] G % 41 Ak (87C A1 8UN), T AL M T ok R IE . SR KW Z 2 K 7 R
BEFDRA AT AAELE REE FREREIMHMEN, UFERNHER AL, HERKES
EAHSiAlLMg . FefmCa% . MBWFHgFCdEEKTIRE,PbE EATFRME., LAY
TOC #1 TN 4 B £ 1%, LOI # TOC 4 1.6 £, 8°C.8""N F TOC/TN #y % & & H 39 B 7~ A HL K WL o 3 7%
W EEEBRENE,

KB ZE2 B BEW, A, E2 B Exd

FESHES: P714"4;P597 XEARERE: A XEHS: 0253-4193(2020)04—-0113—09

GER R E AR T TR R IE E E A
IE) TR, SRR RN MR 2 i)
R 5 I 1T 5 B T 0 B iR £ 7 AR A8 5, FE TR PR SR8 R

1 515
B W 1 M I 5% ol [T I T A % 3K

3 Z— . Bl 25T B P K i, Xt B IR R E R
8T AR IO, JEH R SR i 4 R ek, i A
SRR B R, T R RIS e . SRR IR
HA MR A, Bt P52 45 1 (78 AR 3R h 248 2 4k
I3 ) W 2y 3 i D9 SORE (<5 mm) U (Rl DR R T A
5y W WY R AMEAT T2 W B AN He | Pb 45 DL R AR AT AL
Y, I8 aed A W i B A A T PR A 2B R

%5 B #3: 2019-06-04; 1€1T B #A: 2019-09-15.

T A AR KU 7o AR SC LA %% 8 0 AT R U SR 9] AT
WF5E DX, SR 4R 00 B0 AR W0 il , X R i v R AR
B AU SRR B AR R R 3 K A kAT
B, SR OB R R TRIE 25 M OIE B3, % H L 6
FVE IR R & i S H AT RESR IR AT 1T A0 M. it
SRS B B 42 FR AW ST SR BEBOR SCFF

HEE£WH: BRE LSRR F IR (2017YFC0505803-01); B 5 [ 98 Ik 4 [ bR (M1 IX ) & VE 53831 H (41761144078,
TEF RN B ZE(1994—), L, INHE KA A, FENFH KRB ERL# W5 . E-mail: yueginchen23@163.com
*BSEE: BOtL, B, #I%, FE N KRB HERAL A IS . E-mail: wuguanghong@tjnu.edu.cn


mailto:yueqinchen23@163.com
mailto:wuguanghong@tjnu.edu.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

114

MHEdy 4245

2 bR

21 H@mESE

T 2017 4F 6 728 52 53 R4 (39.5° N, 119.0°E)
BeE 21 NP TR R AE 2 (B 1), 45 S0 R A 18 Y
2y 2 me. i B R SR AR AL SRAE I 43 IR
A7 W RS AR XL e R R X 0~ 5 om
1 5~10 cm P2 UTFY) B L7 0~5 em RJZTT
W, TEUE A4 IR & 350, USRI 24 2 kg 0
FEA AR TR OB N, 57 B [ 5250 = H SRR
To RETHOS D, 8 FTHRST&A.

118° 120° 122°E
T T

J_/vu"

38°

y
WA o 50 100km -
I ,
)

Bl1 RS b FSR A 5 0 A

Fig. 1 Study area and distribution of sampling sites
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Table 1 Concentrations and recoveries of elements in certified

reference material

TR brif(/mg-ke ! W5E fH/mgkg ! WA/ %
Al 15 036+1 006 17 2714850 1149
Hg 0.28+0.03 0.30+0.02 107.1
cd 1.120.08 1.020.06 91.1
Pb 25.0£2.0 24514 90.8

TOC 6 200800 54001 000 87.1
N 720490 6504120 90.2

& £E R % (Enrichment Factors, EF) 11 & I Y & 4
JE TS G AR . M R AR B Miller $2 1, HFRIA A
2w
I., =log,(C,/1.5B,), 2)
K, C, FaRMES T ITCE n W BE(E; B, T Xt
N TG ER T SO B TR A R S (8. 1.5 2
JHRAE TEDURR Y 8 B 1 & e PR 05 A b 55 T
AR, R AR RO R 5 TS AR EE R A R
T AN,
CEEY /- 5w

o (MNw)s

(M/Ny)s'

3

K, EF RnH & 8 fE DU 1) & 5 R EG (MIN,)
EHEGTESECRITESSE Al TR IE;
(M/N,) s BRI T ESEB LRSS S)E
Al FHRWILE. &ERE EF #% Sutherland 734
5 ANAEGem,

3 AR IHE
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ZEE 2d). SOREW, BOIBRHF B, R E 0.2~
5mm Z [0 o GERHBURLAR 35 HE SR ZL AN 1 18] 2
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Fig. 3 Scanning electron micrographs images of the different micro plastics: fibers (a), films (b), foams (c)
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Fig. 4 Scanning Electron Microscopy Energy Dispersive Spectrometer (SEM-EDS) images of the different micro plastics; fibers (a),
films (b), foams (c)
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4 JEICE (Al Fe, Mn, Pb Fl1 Cd %), fAi i JE S5 M B9
R IE R R Z Si. Fe, Al 0K EZ LA MLYIE
BAFFER2, Fe Ml Al % 4 & 0K A A ALY 2 DT
U ER B O LI AR, AT A R B SR TIIE  E E E A
J&, P94 T AL A5 5 Y id v Bl K SR AR [
PR R FR T 2B B AR Z5 4 v, X TR AR A AR
I A ) i R 300
32 2R

FR b v 0 ) O FR 4 Hg . Cd Al Pb 4b TP 45k
-, 1 Cr. As. Cu Fll Zn 4bF FHXT B AR K -2, [ IE i
PR 48 Hg. Cd A Pb AE 5 Jeoc R #1750 07, IF LA
AENZSHICE, w1 R 2. Hg 19 I B F g
JEE A SRR, 36 W R A (0 500 A o B v ELAE 22 0 3 A T
R, A B AR B AR ROME S BRI, 22X
BOEARSrA, WAE A S T R 5 4 ml v 5 a1
k53 ] v 2 5 7 I A 5 TR DR T A
#E (GB18668-2002) X} kb, Hg 1 Pb ik | — S bR i,
Cd k8| T = 2KbrifE . Hg W3 & &K 0.11 mg/ke,
VIR SER) 2 5 2, X 585 55 Mk iR EE ™ if
JEHNES DU Y He 19 £ (0.025~0.170 mg/kg) 38—
2, U AY) Hh He & & B AT RE S 2R B B A
T 0 DR 3R B ol VR s A A7 DRI M . SR T AR
FEHL 1., FUE 4 R HBEF 5y BT b U AL v & 42 ) 1)
WAERE (K 5), I, FZ5 R, Poi5 Y 0 9%,
V5 Heg V598 R 1 9%, oI5 e IS 4 Cd s 4
49, #I5 Y, EF A5 REY], Pb N E %, Hg A
JER R, CdJE TS EE %,

Cd. Pb 11 B FH0E B 118 0F, BO6 38 Ry 0 i H A
AT AR R A B, FAAE AN S K A
Tt AR 3 43 A ) v B O AR AR . 8 JE SCAECY X )
VAR TS [R5 4 SR UEAT RS, & BR Pb AT Cd Y B R
IE 1R A A R S, S 0 — R AR A A
J& 75 Y 1A IR G 0 AN R IR o AR ST Pb 1Y
B AR T R A B S S, X T e S b AR
WA BAX, WHNBRYAS T EEESEE P, M)
ViR TS K HC AV TRT 3 AP P e A e 4 X sk O 43 A A
B AL A HE TS AL AR R R TR e, Cd
TR AT BE S X b Y X TS Y 5 A G, TR TR A 1
I8 B 30 1A Sk 9 [ R TP R 4 D 0 A R AE 14 B
Fih, Cd FWiAF) T 1.48 mg/kg, M 2 Al 0, &
&)@ Cd o B K 2.69 mg/kg, K T UL 5 & 5
1 (Sediment Quality Guidelines, SQGs ) &K 17 X [A] {% (&
(Effect Range-Low, ERL), {Hi72 /N F &40 0 X [a] H1 {H ( Ef-
fect Range-Median, ERM ), %% BH AR /> 25 5| i A W) 1 50
s Hg &8 B A 0.11 mg/kg, MK T ERL 4= ¥) 5%
M {E, 2R 51 AP N ; P & & E N
7.78 mg/kg, LMK T ERL, Fmle 45 e A 1 S 2o,
33 HMERARERERAMEHAK

% 5L 3 R SO 1) D TR b TOC
TN [ 7 £ K §°C 1 8N [ £ [l 47 25 4 B WL I 6.,
TOC &3 1E 0.35%~1.07% 2 Ja], {H M 0.68%.
I TN 4345 7E 0.079% ~0.156% = [a], HI{H 4 0.11%.
Z 0B A T I IV VR DR R AR A A L
H1.41%~3.05%, FI{H K 2.08%, HBE9 T KTk

®2 RERERBHPEHEFVRRRYESERERAESE

Table 2 Concentrations of heavy metals and nutrients of the sediments in the coastal intertidal zone of Qinhuangdao

B g W RE R E S S e A B
All% 0.61+0.02" 0.2 -0.6 - -
Hg/mgkg ' 0.11£0.06 -0.5 -1.0 0.05 ERL: 0.15; ERM: 0.71
Cd/mgkg' 2.69+0.02 3.8 14.8 0.14 ERL: 1.2; ERM: 9.6
Pb/mgkg ' 7.78+0.30 2.7 8.6 16.6 ERL: 46.7; ERM: 218
LOI/% 1.06+0.02 03 -0.5 - -
TOC/% 0.680.12 1.4 4.8 - -
TN/% 0.11£0.01 55 30.0 - -
TOC/TN 6.53+1.20 -0.8 79 - -
8"3C/%o ~20.23+0.32 3.7 149 - -
8" N/%o 4.16+0.79 -0.7 0.3 - -

TE: (DFR B EE VbR —FR THE; ERLIFRAA X ) IR ERMAIN, X [A] T {E.
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Fig. 5 Enrichment of heavy metals in sediments collected from

the coastal intertidal zone of Qinhuangdao
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Fig. 6 TOC and TN contents, TOC/TN ratios, §"°C and 8'°N in sediments
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Pollution characteristics of micro plastics and heavy metals in the intertidal

zone sandy sediments of the offshore area of Qinhuangdao
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(1. Tianjin Key Laboratory of Water Resources and Environment, Tianjin Normal University, Tianjin 300387, China; 2. State Key Laborat-

ory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,

China)

Abstract: Micro plastics in sandy sediments collected from the intertidal zone of the offshore area of Qinhuangdao

were floated by saturated NaCl solution and filtrated with membrane filter. Micro plastic particles were observed

using microscope and infrared spectroscopy to discuss the origin and morphology. The surface morphology of mi-

cro plastics particles was characterized by scanning electron microscopy-energy dispersive spectrometer (SEM-

EDS) to analyze surface morphology and elements. The geo accumulation indexes (/,,.,) and enrichment factors (EF)
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were used to study the pollution level and enrichment of heavy metals (Hg, Cd and Pb) in sandy sediments. Total or-
ganic carbon (TOC), total nitrogen (TN) and loss on ignition (LOI) and stable isotopes of carbon and nitrogen (6"*C
and 8"N) in sandy sediments were determined in order to analyze the source characteristics. The results indicated
that there were three types of micro plastics: fiber, foam and film. Fiber was in the majority of micro plastics. Mi-
cro plastic particles were enriched with Si, Al, Mg, Fe and Ca in the surface. Hg and Cd were seriously enriched,
and Pb was not enriched in the sandy sediments. The concentrations of TOC and TN were low; TOC/TN ratio and
stable isotopic composition of C and N (8"C and 6"°N) indicated that TOC originated from marine plankton algae.

Key words: Qinhuangdao; intertidal zone; micro plastics; heavy metals; nutrients



