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Abstract

Tangshan is an important industrial base in the north of China. With the rapid industrialization
process in recent years, Tangshan coastal zone has become an important place to undertake key
enterprises such as steel and chemical industry in Beijing, Tianjin and Tangshan. On the basis of
detailed field survey, abundant surface sediment samples were collected from river estuary,
Caofeidian wetland, Nanpu, Leting and other industrial areas, ports such as Jingtang Port, Xian-
gyun Bay Tourist Area and artificial island. XRF, AAS and ICP-MS were used for the geochemical
analysis of major, trace and rare earth elements in the samples. The study shows that due to the
construction of large-scale marine engineering such as artificial island and port breakwater, the
original sedimentary conditions have been changed, and the local hydrodynamic conditions have
changed, resulting in the imbalance of scouring and silting conditions. The erosion of the original
silted coast has been intensified, and the sediment particle size in the argillaceous deposition area
has increased, resulting in the accumulation of silt and sand. This feature is most obvious in
Caofeidian port, Jingtang Port and Daowanggang. On the micro level, the process of industrializa-
tion leads to the migration or accumulation of trace elements, and the pollution of heavy metals
tends to aggravate, which is higher in Luanhe estuary, Douhekou, Caofeidian port, Jingtang Port
and other observation points, while it is lower in wetlands and sea reclamation areas. It is sug-
gested that the rapid industrialization process may lead to the enrichment of some elements in the
new sedimentary environment, or the content of some elements may be reduced due to dilution in
a specific environment, which is of great randomness and uncertainty.
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ENEEDURAYIH Cu. Cd M Pb FEERBETEH MR, ESRIGIIEH HBEM™E[10] [11] [12]. fEEEE
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IR FE18]. R IBE TP A R . DURDTBE AR HZ) N 0.1 em/a. IEIHIZI4 0.5 em/a.
BAFEN FIA 2 1.3~3 em/a [19] [20] [217 [22] [23].
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Figure 1. Location of study area and distribution of the observation points and sampling points
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Table 1. Geomorphology and sediment types in the study area
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Table 2. Content of index elements in coastal sediments (x107%)

* 2. BEWARERETREER(<10)

Fe' Zn Cu Co Cr \Y% Mn Nb Sr Y Rb Th
01 6.84 1069  30.1 17.8 78.1 98.1 924.3 13.9 186.9 28.1 1313 7.86
02 5.63 727 207 121 55.7 71.5 654.3 12.9 152.7 23.8 95.7 6.29
03 3.09 28.5 15.7 9.1 153 60.7 587.2 12.7 198.0 21.4 93.6 478
04 3.96 442 12.7 44 47.1 63.0 4159 1.6 2032 12.1 69.3 3.49
05 2.51 59.1 16.4 8.3 50.2 59.6 1.7 142 209.5 22.3 79.8 491
06 2.65 38.1 10.1 6.7 32.1 437 329.1 954 2221 16.1 76.2 437
07 2.05 34.1 6.30 9.7 489 63.6 394.4 141 2082 222 89.6 6.03
08 2.89 34.4 590 107 58.7 65.8 4582 132 203.0 22.8 100.5 7.49
09 1.51 45.8 6.71 202 46.5 513.5 4132 87.8 158.6 73.3 34.0 31.66
10 127 425 9.50 5.9 80.6 103.9 588.6 19.5 174.0 17.8 58.8 18.89
11 1.69 31.1 6.3 9.1 22.6 61.7 217.9 148 2007 24.4 90.9 12.24
12 137 31.4 6.70 9.7 25.0 56.7 247.9 11.3 177.8 21.5 84.0 495
13 4.59 29.0 43 113 15.0 67.3 194.9 12.8 182.2 23.5 96.9 8.73
14 5.2 30.3 6.5 10.2 15.8 63.2 170.2 129 2240 21.8 98.2 8.39
15 5.41 80.2 248 131 60.2 78.0 7177 145 196.2 26.9 105.4 9.05
16 3.41 72.7 198 117 55.7 70.6 690.5 131 201.6 243 101.9 8.51
17 325 79.4 23.1 10.6 62.3 67.9 685.1 137 2939 23.1 85.5 5.18
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Continued
18 3.74 54.6 14.2 2.8 47.5 224 412.1 4.64 176.3 7.68 67.3 1.89
19 445 47.4 12.1 11.9 40.7 80.8 436.6 17.4 206.2 27.2 93.4 7.45
20 4.67 57.4 15.6 39 50.4 38.1 462.1 7.15 189.1 10.9 72.6 3.16
21 4.61 63.6 16.6 3.7 52.3 37.1 558.8 8.21 153.0 11.1 73.5 2.35
22 4.25 64.8 17.4 7.9 50.3 52.7 662.8 11.1 221.1 18.9 88.4 5.67
23 4.98 61.9 17.7 59 53.3 57.3 587.5 11.3 155.3 14.8 68.7 4.01
24 2.26 58.5 17.5 44 43.4 58.9 592.2 11.5 196.7 11.1 69.8 4.18
25 18.18 63.9 25.4 54 52.3 98.2 551.2 24.7 182.2 16.2 70.1 7.67
26 4.45 43.7 8.21 4.5 48.6 67.5 417.2 11.9 202.8 11.3 67.0 7.94
27 4.90 175.2 40.4 3.0 564.7 243 249.8 5.04 154.0 8.86 74.8 2.83
28 4.19 94.1 19.7 12.9 61.2 75.8 444.2 14.1 192.0 25.4 100.2 8.38
29 4.16 71.7 21.2 3.6 67.6 31.1 607.7 6.17 139.8 9.91 75.1 1.55
30 1.78 342 8.31 10.2 43.9 64.7 307.5 12.8 203.5 22.1 95.1 6.08
31 5.87 47.4 10.7 8.9 93.8 56.3 657.9 7.5 179.4 13.7 86.3 4.58
HE 4.19 58.1 15.2 8.7 65.8 76.6 558.3 14.7 191.7 20.5 83.7 7.11
ik 3.67 74.6 473 15.3 79.7 88.7 652.5 13.8 201.8 23.4 108.8 12.5
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Figure 2. Accumulation curve of indicator elements Mn-Zn-Fe

2. $EFRMETTE Mn-Zn-Fe N fhz: E

Mgk B, Br Fes Nb BMEET 1993 i R fabr o #ME4N31], HARWE TIEwEEE. H
Mn. Zn & E299(170.2~924.3) x 107, (28.5~175.2) x 10°°, HAPIYME S 558 x 106, 58.1 x 10°°,
Fe & B AE(1.27~18.18)%, “FHIMH N 4.19%. HIHEAR i £ & (7] 2)n] WL Mn. Zn I Fe' =3 2 [A] 2 IEAH M,
Fh Bl 2B — B0, AT PR AR 40 AR A HE A [F) — 2% A R UURRIRRR SR . Bl Nl DR /K
TAE R LA Fey Mn SACPIFIRS LA V0B T, SEAS7E NI 1 22 By U5 (5 26 5 A4 &) Z [T AR
F1 Mn. Zn fll Fe =& S EENmEHE.
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Table 3. Contents of heavy metals in coastal sediments (x10~%)

z=3. EEHIIAMESRTESER(X100)

jEas As Pb Hg Cd Cr Cu Zn Ni Mn
01 13.2 35.7 0.037 0.15 78.1 30.1 106.9 37.6 9243
02 7.19 31.7 0.026 0.13 55.7 20.7 72.7 24.4 654.3
03 5.21 12.9 0.022 0.09 15.3 15.7 28.5 27.4 587.2
04 4.28 20.2 0.014 0.08 47.1 12.7 44.2 15.3 415.9
05 5.49 25.1 0.013 0.08 50.2 16.4 59.1 19.1 421.7
06 4.08 20.0 0.011 0.08 32.1 10.1 38.1 12.5 329.1
07 3.17 17.4 0.017 0.03 48.9 6.30 34.1 8.01 394.4
08 3.19 15.6 0.006 0.03 58.7 5.90 34.4 7.78 458.2
09 3.36 24.9 0.006 0.05 46.5 6.71 45.8 6.49 413.2
10 3.27 18.1 0.005 0.06 80.6 9.50 42.5 9.27 588.6
11 2.46 18.1 0.009 0.04 22.6 6.3 31.1 7.31 217.9
12 2.48 31.1 0.012 0.07 25.0 6.70 31.4 7.39 2479
13 2.69 16.8 0.008 0.02 15.0 43 29.0 5.42 194.9
14 241 29.2 0.005 0.05 15.8 6.5 30.3 6.01 170.2
15 7.73 32.8 0.021 0.09 60.2 24.8 80.2 26.6 717.7
16 7.89 44.5 0.025 0.10 55.7 19.8 72.7 234 690.5
17 7.31 26.4 0.021 0.17 62.3 23.1 79.4 259 685.1
18 433 19.7 0.025 0.09 47.5 14.2 54.6 18.4 412.1
19 3.68 21.8 0.007 0.04 40.7 12.1 47.4 15.5 436.6
20 421 22.4 0.019 0.09 50.4 15.6 57.4 18.5 462.1
21 6.01 22.5 0.027 0.11 52.3 16.6 63.6 21.1 558.8
22 6.19 21.7 0.013 0.10 50.3 17.4 64.8 20.8 662.8
23 5.89 21.0 0.015 0.08 53.3 17.7 61.9 22.6 587.5
24 5.28 24.4 0.023 0.07 43.4 17.5 58.5 18.7 592.2
25 7.21 47.7 0.034 0.12 52.3 25.4 63.9 23.8 551.2
26 3.29 20.6 0.007 0.06 48.6 8.21 43.7 10.9 417.2
27 2.81 32.1 0.007 0.20 564.7 40.4 175.2 29.3 2498
28 5.79 38.0 0.024 0.19 61.2 19.7 94.1 229 444.2
29 6.61 26.8 0.017 0.08 67.6 21.2 71.7 23.5 607.7
30 3.59 33.8 0.008 0.06 43.9 8.31 342 8.39 307.5
31 3.01 17.4 0.009 0.06 93.8 10.7 47.4 10.1 657.9
5. Wig

DURRm B A — AN S KR RE, A R Rra AT 70 . R L R fe bR e R 15 30 £
FERIAA K, B I SRS FRAE , ARAIE /& 211 5 WA . 40 Fe JCHRA 18 ARAE ML 1993 FHMH,
SRR 495 1%, H 10 MREES Nb GBI HME, REANH 636 f%; 8 N RFEA Mn s, i

3.83 5.

RICERAEA[F] (1 RAE R AR 376 A [F) R FE R R I R

ME S B S ERHEE, BRI T 4 P WESBIRFESE RN: Cuy Cd. Pb 1 Zn I8 &
I3 19(4.3~40.4) x 1076.(0.02~0.2) x 107, (12.9~47.7) x 10 °.(28.5~175.2) x 10, HIAE 4> 514 15.18 x 10°°,
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0.086 x 107°, 2549 x 107°, 58.03 x 107, HJ/NFUHFLETTRN—SShruEf (% 4), MWARfLFa% B (K 3)hal i
Cu. Cd. Pb Al Zn W& B ATEBAHITH BARBNERFE 5, BURHETE AR . 5 2009 FEAH [F] X 3800
BAEALL, 12 ARAFE A Pb S &M 2019 FE351E; 16 ARAE & Cu il 2019 FEIME; 14 RAE A Zn BT
2019 SEMH o KB EARVLI A, FT I BEA I, L R I A Sk L E S R A e T
M. A, ERESESESMEMEARE; WilaighXsmmiE, maEedbE TR, AT, mET
M X A5 FEYE i XA A T 5l . Cu M Zn =S UTRI P E NUTAEAE IEA G, P Rl KAk a3
PEENUTASE A, AR O, MmN T80 & EEe. ORI A9k AL 4 s, Pb. Hg.
As SENURIRAZTOAHCME . 4 b 4 (1 v (i H IAE VAT RS AR 2 5 R XY 2, 1 IX 1 22 it e A
WP R L, SZRIKB) S 5SS AN KRR AN B R 52, AT 121 Tl X N5 e b 4R
TCE 5 MG TEAUBURL TARAY) 1 il 4 AR 2R

Table 4. Content characteristics of heavy metals in coastal zone (x10°°)

F4 BREEESBASHEX10

WiH i % As Pb Hg cd Cr Cu Zn
% 20.0 60.0 0.20 0.50 80.0 35.0 150.0
fetz< e S 65.0 130.0 0.50 1.50 150.0 100.0 350.0
Bk 93.0 250.0 1.00 5.00 270.0 200.0 600.0
2009 F¥MH 521 28.41 / / 25.86 15.80 49.68
2019 ¥ 4.94 25.49 0.016 0.086 65.79 15.18 58.03
HaE 2 13.96 0.05 0.088 / 22.1 65.15
10° ——2Zn
——Pb
Cu
. N —— 100Cd
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Figure 3. Change trend of heavy metal content
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FE R LA R U R Cd (9 B 2 M BB AR AE TS 51(0.04~0.136) > 107° Y A (B ZE I 5 Tk IX
WEIRZFIT R IX BT VORI R X Bl , Cd Bt AP s, S A B, BhIX sk 1 A TRk
FEFREEPE I TSR HEE, NAETT FPHECT DAL
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