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Background values of heavy metals in the sediments of
Yalu River estuary and its adjacent coasts

LI Hongjun LIU Yue™ CHENG Yan
(Urban Construction College, Eastern Liaoning University, Dandong, 118003, China)

Abstract; Background values of heavy metals in marine areas differ extremely among regions. Thus,
the results of pollution assessment will be quite different if different background values are used. It is
more credible to choose background values within a study area as references. In early studies on the
pollution evaluation of the Yalu River estuary and adjacent coasts, incorrect background values of
heavy metals were used, therefore, in this study, values that are more appropriate were defined for
the first time for the given area. These basic data were collected from the published research results
on the contents of heavy metals in four cores with reliable **Pb dating and a stable sedimentary
environment. Background values were determined from sediments that suffered no anthropogenic or
natural disturbance. The results showed that background values of the heavy metals in the sediments
of the Yalu River estuary and adjacent coasts were: Cu 10.9 mg-kg™', Pb 23.2 mg-kg ', Zn
72.9 mg-kg™', Cd 0.203 mg-kg™", Cr 49.8 mg-kg', and Ni 21.6 mg- kg '. Compared with
preindustrial global maximum values, the background values in the study area were generally low.

Compared with background values in the Sino-Korean platform shale, they were relatively high.
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Compared with background values in other larger regions, they were also very different. However,
they were close to background values in the waters in China, which indicated that these data were
more credible. The main factors affecting background values of heavy metals in sediments of the Yalu
River estuary and adjacent coasts were grain size, provenance, and total organic carbon (TOC).
Therefore, the identified background values had more characteristics of naturality and territoriality.

Keywords: Yalu River estuary, heavy metals, sediment, background value.
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X F RS LR YT 1 K AR TR Y = 4 8 W WF T B UL 22 5 flE AR A6 G R VT3] 11 G0 R s IX AR
Yy i 4 SR AT TR AR AS KU A, Fi HH BN P8 S YT 0] 11 A TR AR A A XU R o ) (R R
SETEART] M5 R AR R A T 7 A A RS D7 vk A T AT, 15 8 B 518 W AR B, 48 Hh S 7T 1 Sk 5 b
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B IUEAE AT SoE, MR R Tl AL FT A R UTRR ) 42 )@ fe s (B A 8 . R e ] O SR AN [+)
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B AT AR RIS 5 90 20 AV o T ARk i ELAZ M8 U5 KOS AR AR R R RS2 ) v 35 5 il 5
H 4R s EAE A R A R ZE 5 R Tk Ak T 2R UTRR Y 4 8 s (EAE 0 Sc b i R A
WAFFER R IR, PR R PP 45 SR AR BN H 3l 1) R

AR RS T S AE BB R S S — UL R AR 2 A R ITAN 5 1 i B A T 4. 2ok i L 1
PIPREE T SAERIRTEARZ IS Y T B R W I & &, NPRA . 72 23K Ve G b i T A8 3
S, C 28R XEFR B AN 32 15 Yl 5 ) 1) V35, A ) e 4608 b Vg 35 1) 28 )23 DUAR ), 52 4 i ) S 5 e 1
TR RN T N A 50 0 B0, FE Gk 2 FREEE S (E G 00 B PEORT B S &R 1 DX 1 75 G2 xfE LA 4>
NGRSk, 20 H4 80 AFARLIK , 4 e T MR Vi3l ) o0 95 S M IR & S 5T T4 anid AR
U TR E AV R JRIIE T BRI O BV Parnatba Y7 100 g 4
AR Sy Hr sy 3 [ S0 S 2V 1 5 @0 3 Vg e DTORR YY) B 63 T 1 7 S (B I SR AN (06 3R B 2 b Y 22 0% K e
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1 SZEG#B4) ( Experimental section)

1.1 5T X3,

TFF 5 DX L e 38 AR G 2 VT P VS N AR 3 iy b TR A e v e RS SR VLS T AR 6.45 7 km® AR I2
Tt 266.8%10° m® , 4FE AMEVD R 159.1x10% ¢ AR I — NI =1 bR A7) 112 0 48 59 J2 A R 3T LIV i
(st ) , AGRLR 5 2 A0 R Va IGE (1)1 T i e A6 SR VE ZKGE )RR DUE , AR DUGE il — 2D 9K ik
A3 A HR K TE RN 2R 2K BR8P IS T AR I 1 AR IR R I, S N T3 U R 5 AR DG RS SR T AR
WS R PIOK 8 e, R s s
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1.2 SEE R
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Fig.1 Location of study area and sampling sites

1.4 HdEabs
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2 75 51718 (Results and discussion)
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Fig.2 Vertical distribution and sedimentary age of Core DD1(a), DD2(b), DD3(c¢), YLJ40(d) for heavy metals
(Note: Compiled based on the figures from Wang Yingfei et al.[?) and Liu Yue et al.[?®) .

The sedimentary ages were deduced based on ?'°Pb.)
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HIPE 2 W LA, DD R4S T G 25 B B TR AT 1B D S 4 e 24 3l , 78 105 em (FH 25T 1940
AFRHITS ) TR B T S 5 495 0 B S 25 )2 T 4 8 i R P Ah AR 30A KORZEAE, 18 145 em (A T
1927 4R R ) AR SOTIRIRIZUAE Bl , 50A 18 08 ulish i 3. DD2 AEARAE 45 2 <5 5 Sk Bl TR B2 i) 2000 5l

£ 180 em (AH4F 1923 44 J5 ) AR REE IFURRIZIAR 8y, AT b 34 5 s i 3. DD3 HERAHER 4R
Fra BETR LRI Z 3 30, 78 180 em DL [ S & 3, i b 3R i S ) A 7E 180 em (424 T 1940 4FRi 5 ) IR
BEE W50 05 B 5 45 2 A TR 5 PR Cd \Zn G SRS, Hfth A R KAR MR, 76 210 em (#H24F 1923 4F
HIJE ) DA BRBE SO AR I Z0 % sl , A i 3G B B 345 YLI40 HRtRAEE Cr NiZn  Cd \Pb 7% 2= BEIREE 3 fin
7 22 PRI B ( Cu PRI ) | IAE 68 em TREE (FH YT 1940 4ERT )5 ) T — N2 AR 25 1 45
NOHT S ZES RSB NRN.

RIS 22 e 20 4EQ LA, P9 47T 1 A 38 5 4 K 58 R TR) , 24 1 32 158 2 75 1Y
T8, R VE R ERTTAR I , 1 5 43 8 B BE D URR Y BB AE — 2 Y R R B3 20720 AEARWT, AR
B Vel h Hh KB FAR KB [ AN RS | Bl SR8 5 AN Wt 1) Vg B A e vl JR 4 5 1) AR e B, P TGE
AR R AR B ALIRAS T AA A T 1923 4EE 1940 4F 0] i a2 TURIRBE). T 1940 4E LU, 527K
FEOK VR SRS LR /K U0 i S LR A Bl & AR T E KRR A DUAR TG A rpoKGE Ry
BRI AR AR B — DAk, Ve VD T R SRR ) TR AR e U, A B B Y O ) P S G
SR, VEZKIE FNARIT I 2 21 B LIRS A s (RS 4 R & i 3 28 TRIZLE 8, ik B A& Hali i) [ 4R
VEFH , %232 ) 1 4R NI S 520 (285 SR 1820 76 X 18 4 VT 10 5 80 30T PG 7 2 DU RRT S ORI & R 10
WFFE R, & IR ST 11 A TR LSS SR 28 AL O AFAR AR 1960 4FEHTJE ), 1940 4F Fiffo TS 47T 1
T YLI40 A RAE A DTRR AT AR SR 28 VT3] 1 Ase RS BRI X 5 & RHEE &R SR 7E K 2
H T [ A5 AR ) FE B AR — S0

FRAE SR 3L, 1940 4F LURTHE SRTTH 0 R KBS &, NZE98 sh i T et g IR, A SRERAE B
AR LR 1923 AELIRTAYULEL (DD R 1927 4ELAHT) , BRI oK [ AR AL HPIRR A 248 4 )8
i BB AR AR AR A R ZN I B, BB S BRI SR 20135 W IR R A2 4, AN SR BRAE X Rl B e S A Y
DURRIAEE , WA B MO 0 T S0 AR (o FH. R ik, e B A IR A 1940—1923 4[] (DD iy 1927 4F)
BT T 4 B AR S R ST X A T S0, T DU R 0 2 4 i T S (L P R L A ) ) ke U
SR A TR AE A0 6 A — B0 OB R Y LAY BF 55 34 T WL T 7 B B9 Euvoikos 375 | 36 [ (Y
Galveston 5l Tampa 752 2 24~ [X o}

2.2 HRAEMAGELS

ML O 540 R TR E S B S SR IE L HE L AR R ES R
RIS A A R IR, Y o0 IS4 A FH 4% B 4 J T A2 (I A~ Y (BN 3 A b o i 22 IR AG 560, T A 5+
HAH, #RTE BV AL

R ML O AR R DU Y SR I 5

Table 1 Background values of heavy metals in sediments of the Yalu River estuary and adjacent coasts

AT ROE ST GEAERE
Arithmetic mean/ Geometric mean/ P Range of background e
vy " N ) 3
s FEARL (mg-kg™) (mg-kg™") ﬁ%ﬁﬁ values/ (mg-kg™") Background
Heavy ~ Numbers of — i — Distribution values/
metals samples Bt brife 22 - P22 pattern .
Mean Standard Mean Standard X-S X +S (mg-kg™")
(X) deviation (X,) deviation
Cr 33 49.82 11.72 48.64 11.78 ESA R 61.54 38.10 49.8
Ni 33 21.62 5.47 21.03 31.49 IEZS A1 27.10 16.15 21.6
Cu 33 10.87 5.57 9.76 5.68 IR 16.44 5.31 10.9
Zn 33 72.93 11.86 72.02 11.89 IEZS A 84.79 61.08 72.9
Cd 33 0.203 0.082 0.189 0.090 ERS 0.285 0.122 0.203

Pb 33 23.20 2.84 23.04 2.85 IERS R 26.05 20.36 23.2
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IR 1 AT A5 S 2% VT 1 5 S8 3 1 R DU B 4 J8 5 56 fH 8 : Cu 10.9 mg-kg™' \Pb 23.2 mg-kg™' |
Zn 72.9 mg-kg™' .Cd 0.203 mg-kg ' .Cr 49.8 mg-kg™" Ni 21.6 mg-kg™".
2.3 HHEKERMNESEE SEM LT

M8 2%V 5 SR I DURRY) 4 T DX S0 5 A S nx b L3R 2.5 Tl Ak AT 2 BRI
4 A A o SEEAR B, B2 X A 58 f 1. Cd . Cu A3 1/5 7847, Cr Zn \Pb 7EH: 172 3] 1/3 Z 0], 5
TR b 5 TUA B4 w1 SRR EE , D005 i =5 209% LA b, JEHE Cd Fi Cr s T 2 %522 5 e [ Bl 7 Tt
FVEKIUAE SR Y SEAM A R KR, Cu Ni HAH 174, Cr Zn FEART 20%, 1 Pb THim T
20% ,Cd BYFH 2 (EAAR AR ELASTT &, PSSRV 01 S 4BUT I 1+ DU ) 4 I8 15 st (A5 b R Sk Y 5 4 )8
o H R A

R 2 MG SR R E R T RS AR B w3 SR (E A [
Table 2 Comparison of background values of heavy metals in the Yalu River estuary and adjacent

coasts with those in larger areas

LIPS s
Lzb‘j‘ Background values of heavy metals/( mg-kg™')
reas
Cu Pb Zn Cd Cr Ni
s 8 17 54 0.065 21 —
Sino-Korean platform shale®] ’
RERZEIUA 38 15 86 0.055 63 —
Chinese crustal shale %) ’
Aﬂgﬁ 1 [33]
EeESAvE]
Global shale[®] 45 20 95 0.3 68 90
TP AL AT 2 BRGUR Y & 4 8 B (3 . 20 175 . 9% .
Pre-industrial global maximum values'3*!
TR
Chinese waters! 53] 15 20 65 0.065 60 24
19 2T 11 S AT 5 Ml X
PRARIT 0 B i A X 10.9 23.2 72.9 0.203 49.8 21.6

Yalu River estuary and adjacent coasts

FIFH b e 4 T S BRSO MG 2R T 11 2 2130w g e U R Y B 4 J TS Se (Rl (L3R 2) , 25 51
BRT Cd b, i E A A 4 1 75 S ELAR VA FE S 4% VT 11 K AR T R VIR B & R i VB Bl 2 X
ANGE SRR 3t RUE B T A AT ST S BURIR BETE 1940—1923 4E[H] (DD K 1927 48) (IUTRIRE ok a1y
SCEURTE B, BTl B S E 0 T A SRR B, RS AR MG Y T3mT 11 S 430 ifg 2 LR i T 4 )
T HCIRBL.

24 HWMELSEESENEERNE
2,40 RLBEXTE SRS

S 2 VTP L S 403 it i P OB b o 28 = sl 6 - o |5 909% DAL, X R LA £ (AR 4l
BURE R 3 S SRV PG K T8 B 40T v R U b B T 4 R R, R R R U Y Cr
Cu Ni Zn JGE"> FTLA, 1 s Al sl i 65 004 T 4 R 15 S IR AT A0V AR A S KU T 254 A5 2
i 5 (EE Tk A AT 2 BRUUR ) T 4 I J5e e 15 S (BB /e A A8 KU DAY, SR IR X ik — 2530
W H 4 I 1 S (B A AR Y X P | P DX 4 B 4 S (A T BN &5 SR A T (5 1.

2.4.2  WIEXTE SR

Y= R VT 1 5 SRR T R U B 4R S ER 7 — 2 Cd P 32 AS 2R U]
T A T REAZ R T X M T S S SR T N AR T L BN S R L I A A R [ AR
IR0 5 ARVEIA IR S BT AR N AT RO T BN SO LA B A B VRE RO T el
DLAH A At B 3200 X e n AR X 4R 1, L Cd P 3 S A e A i 4k R 4 SR 7
S I e AE R DI 0T 5 15 S (8 2 R AR DGR B, A TFIR AR
2.4.3 TOC X FfEHAI RN

AT BRI 5T 20 257 S LRI 11 K FLAR T i TR I L 4 R & /E 5 TOC AYAH G R 807 0.6 L)
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B 719, FEOIARSE M LR VT ROBAL AR I B2 R Hho O J T Rl e U AR OB AR
HIRF 68% , Vi 2 Wb I P44 B IR SCMRI i AR MR UL L Tl A, AR 4 B K o e, 76 LT
BEAZ B NKIH AT, AR, IR H it 2> A3 iR, AR DU TOC 5 it
AT RGP 3G T IR R T SR A, X AT RS Ak YT I S AR R DU P R G R OU R Y
SEE R TS U R T A O — FH R A

3 %5 ( Conclusion)

WFSE 245 R R WY, M8 2 V1 11 5 &R 3 i 5 DU AR 4 Jm 19 XI5 (B Cu 10.9 mg - kg™ Pb
23.2 mg-kg™' . Zn 72.9 mg-kg™' .Cd 0.203 mg-kg™' .Cr 49.8 mg-kg™' Ni 21.6 mg-kg™".

AW SR Jm T FE S P R S R RHE ROV T BR Cd Ah, GRS EA R TR
o Ve ) R R ETE R 2 N, DX — 8 SR RE A AR MG SR VL] 11 S AR v j5 DURR M) A9 T 6
ASJERBL.

AT R 8 1 S AR T T AL AT Bk TR & Jm s 19 50 (8, IR s Tl & s iy
4 R T A, 5 A A Bt 4 S SRt B T e

RLEE S DU B R T S (/N B A, DIl Jo 7 570 ¥ 0 4 J 7 SR (EL A U A TR
ZNsZ AT HLBTRHTT R B 4 R T 5 (L e A AN 2 220 3 S DR 3R A B, 4 B T AR F 5 DX B o 4 T
R E R P A SRR .
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