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Trends and sources of dissolved heavy metal pollution
in water of rivers and lakes in China
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Abstract; Heavy-metal pollution in water is a serious environmental problem and it differs by region
and time. This study reviewed past sampling data across 35 rivers and 64 lakes in China from 1980 to
2016 and analyzed the trends and sources of five dissolved heavy metals (Cd, Pb, Zn, Cu, and
As) in water bodies by the Mann-Kendall trend test, and principal components analysis followed by
multiple linear regressions. Water bodies in rivers and lakes showed increasing trend in Cd, Zn, and
As, and decreasing trend in Pb and Cu from 1980 to 2016. The main sources of heavy metals in

water of rivers and lakes were industrial and agricultural emissions from 1980 to 2010 and natural
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and domestic waste emissions from 2011 to 2016. Collectively, mean concentration of heavy metal in
water was higher in northeast and central regions, intermediate in western region, and lower in
eastern region. The main sources of heavy metals in water of rivers and lakes were different in the
four regions; agricultural and domestic waste emissions in northeast region, industrial and domestic
waste emissions in central region, agricultural emission in western region, and industrial,
agricultural, and domestic waste emissions in eastern region. It was clear that the main source of
heavy metal pollution in water has changed from industrial and agricultural emissions to natural and
domestic waste emissions over times and the pollution control measures should be given attention on
the domestic waste emissions.

Keywords : dissolved heavy metal, pollution trend, pollution sources, waste emissions, policy

measures.

IKIEAE A 2 VR, HTS YR B A At 20 th4D 70 AEARTFLR , B ARG H B SEK A
SR IG YIS IGE. 1972 4, A7 TR AR L ERAYEE T T Je V9] ( Tasmania River) ZKIREf#ZS Cd Zn Cu .
Fe WEE/T510 115.33,1299.00,52.00,45.00 pg- L™ i 30 [ | & o6 T KK w48 15 YL i 9T I T
1979 4F I AFFTHE T KRB A#AS Cd Pb Zn Cu ¥R 4314 0.30,0.88.62.27 . 2:16 pg-L7' M 1E20 4t
80—90 4EAC, B A B T /0 B e FRRVT KVTS) Syl i dek A K M B 4 VS Yk O F T A R A
21 AR UG, KR H 4 i 15 Y A 9 W S 186 22 | S 3 s AR M YT K T 38— 26 vl /N TR ST ), o ey )7
T PO A AT L A S T Y TR R KR A b A ) R, A b B R TR K R R 4 R T IR
575 YRR, R H 4 R 15 e B A PR HE S A .

ELEBYIAE H AR A LIRSS PRSI, P A 0 5 48 S0 103 Tk AT TS G M 2
Hi R KA Xk 45 A ) e N AR R B B A L G SRS R TR AR LG A AR AR T A A AL
PAS N Ry e 7o e % vhoHE R S B4 B R K R AE w38 MR KR E &R 15 Yok
PEIBFSE T B PR IR RN S TRTF R 4 I3 i T B 72 A 1 B 3 e s K A T 4 TR 75 e 1) 32 ok
PR SRR T 4 R S e R TR BUR T M A B ORI MR K 4 R s Sl e 4R HERORR
EL 1) R B FE A BN B R, Heeh Cd W AT 100 pg- L' ( GB8978—1996) .2011 4F4 H
WIE S5 Bttt 2 T (E ARG YL A PG 7 M) oS B s F8 T 35 XA T 9 B 4 R V5
P HE R S BRAE, 2R 4548 T BRI BE2Y b 175 150 1 2 A DGR | I8 22 J2 WA O 7™ A 4 B SR S0t , Ry
T [ 4 J V5 e B jA HR L A B 45 R B (R AR TS LR A B IA T A BRI (KT RS, .
FE KA 4 JE V5 YR ST REE &4 T H AR (H H AT A UL 4 3 P K R R 4 JE T etk Bl A Ak
RAH A S HRIA .

SR, AR R B A TF A2 3 i SCHR R, WA R ] LR 3 K A A S T A SR R AT K AR
VoS At A T 4 U V5 Y] L s 34 B e 2 ) b b2 S b o BB E AR T YR A R E E AR TS
LBy i PR B PR 2= AR .

1 #BS 5 ( Materials and methods)

L1 Hdikds

TEA AR AaeEAR  H EHIM | Springer , Science Direct, Web of Science |, #¢ [ J¢ T 3% [E [ i 5
VA KA R 4 Ja 75 % 4 SCHIR , W 5 T S H 4 JE (Cd (P Zn [ Cu  FI As) 3R B2 E3E (B 1) AR SC
Fik HR T4 B 14 SR AR I ] i R AR 1 BRI IS TR] - 2 SRR I [) S 1 4R DAY, W IO AR S e A 1)
FUIE] 5 A RAE N ] S WO AE U LSS 1 AN AR I REAS BTSN 8] 5 5 RAE IR IA) 7 3 4 K AL JU) ] v ]
SEAVE A REA R BIFFE I 1] SRR v A B2 38 SR AR I [ DU) LA 98 S IR ) 8 722 4R A S AR AR 1) BF 58 )
(6] A AT I F 1980—2016 4F-[H] ) 64 NWTAR 35 Z NI AR R S T Bds (R 1)
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Fig.1 Concentrations of five dissolved heavy metals in'river and lake water in China from 1980 to 2016

(one point represents the mean in one river or lake for one year)

R ABISTEERE RS 1A

Table.1 Chinese rivers and lakes selected in this study

ZH Type i Number {1 1] 44 FX Name of rivers and lakes
ARV O BRYL WYL K JEUK BRVL B VL R PRI SR iR DL UYL
Rivers[+9: 16. 18, 20-44] 35 )RR RIS T NS T IRY1 04 R ST IR 7 R I =P - \G'= AN AT I 23 B 1IN =<0 o B 5

T REANR] LR ] R R R AR LR R IR A

R B T BT K T B Yk WO i T
W) P S B R A 3 30T R R S R
0015, 256 - W K B TR T KR A S e AR A S K )
ST A . H TP LT LI RO B LA BRI S
R B Cy A ) T FEZOW N ELE K Tl e 2R
i B 5 AT SCAETE K JRIK R SSE K BRSO PR LK 2R

1.2 #a#sHr

K Mann—Kendaﬂ(M-K)ﬁ%‘ﬁmﬂ?%[ﬂ_m TR ES R R b NG EE PR R Y S kAN /s i /2
12 FH G I B 4 J V5 YL GRS ] 578 A A 300 i T 1980—2004 45 8] R 7K A4 375 fif 245 T 4 B0 908 I />,
PR 2005 48 AT B9 EE I9 K —NMEA 2H.2005—2016 AEIREA SR AEX 52, DL 5 4E4E K 1 DNMEG
ZH . 1980—2016 4 B FEA IL R 43 R 4 A 4F 43 41 ( 1980—2004 4F | 2005—2009 4F 2010—2014 4F Fl
2015—2016 4F) . LASARAD 21 () T4 0 A AN T 4 S R B, BIZR AT 3 2L D9 P A R AR () SF- X A A8 1 4 T vk
JE R BT R, IR 95% i B A5 X ). M-K AR 56 19 B4 A 2l F e

Mann-Kendall #3296 56725 2 5 T WL IE 7 51 B9 2k Uk RIS 52 B4 I 2 500 YR AG: 56 JEEA M X —H
SRITRRIEAL T H AR B Sl A AR E (AR A i 3 AR Hy B TRF A &, 2y, <ooy o IR o A0S Y B
B B[R] AR REAS IR 288 128 i S AYFEECA O (1), o sgn (a—x,) IR (2) A EREL IS0 .
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n-1 n
Szzzsgn(xj—xi) (1)
i=1j=i+1
Lx, <«
sgn(x]- -x,) =9 0,x, =x;, (2)
- 1l,x, >«

GiitArg S MM IEZS 5040, YMH E(S) N, T 25 Var (S) WA (3) , b IER S it Z 8
Kendall BRAHSE R %L, A0 (4) s .

Var(S) =n(n - 1) 2n +5) /18 (3)
(S-1) s S >0,
v Var(S)
Z = 0, S=0, (4)
(S+1D s S<0
Vv Var(S)

o I, Z AR S T AR EAL IE S 0 A, B MK o, WK Kllm FE N Z,/2. 29171 <
2,2 PN EHEARNRE 2> 72,72 PRk B M H Z > 0,751 52 ETHES  Z < 0,752
Wk HEUHEI Z1 = 1.64 Il 1 EBAS XN 95% 1 225 A 5.

Shy e 715 3 ] G T T ) A AV i 2 T 4 S S G 1) 2 B A% R, 2 5 Rl G AR 4 v 5 T b [ R 2
DI 23, e AR bt XA A5 R VT 75 AR LT NN 52 R Gl il (R e RS DR RIS ) | 2R
F s X AL AEAL BT R b IR VLR R VL AR TR M SR G i R XL L P e
L RS VPSR, VAR X AR R I SN E R TP BRPE HOR TR T PG R T
S N PN S5 ety e G S X e — 2 5 DRI 5, YT I R AR e 2 T e 32 LA DX Sl D T A T 8] A A A 25
4 A U B EDR .

1.3 {5RORIE A

F 434347 (principal component analysis, PCA ) A2 T4 715 ( multiple linear regression, MLR) J7
S T T 4 8 V5 YR IR ST @ 40 L ST e PCA TR BURRIEME K T | (9 =25 YL 1 3
T PR T TIPS T LA E 25 ER 0 B S 8 R I SRS PR MEIL Y PCA R 1520 FLERE
i 25 T 4 e R s M AR ) TE 2 I 25 43 I Dl MR (%) [ 728 155 0 R A2 S R AT S vk 3 5 S )i, FH el U R 2K
AN A T2 B Jm R IR Y DR

ABIFFENS G I 15 P IR g DU A 32 B2 s 5 AR HRIIC A HERL Tl HE R0 AR 3 R b A
SRR A0 5 A ARG IE AN N IR 51 19 XA AE T, EZEHEL Mn, Co Ni, Cu Fll Zn 455 4
JE L A HFBUR TR 3 T 7= A B AR 574, B 4 R A AR AR 2 AL IE T Y Cd Pb Hg \Zn
Cu Al As S5 My HERGEFE 0T P27 R i 4 I Bl 4 45 o Lo i o A v = 2 0 Tl 34, B
He i B 4 J@ A 2R £, U Cd Pb Fe ,Cu Hg Al As 261 AL 3R HERUR 38 AR A TG = IR 74, 1
GEEJE Cd.Pb Cr Ni Cu As il Zn FE 7 ARBFFRERH SPSS V22.0 B (SEIE IBM 2l ) | 43 3 Lo
THE 2011 A 55 Bett S i 4 TR 5 Y 2n G B A < b U FLRI ) SR S TR K ARV e 2 G T R R
RS A L R IO A 28 5 DX S A e 25 o 46 A R U ) 25 .

2 R 51718 (Results and discussion)

2.1 4RGP AR IR RER B AL EEAE

o L T K A 5 i e 25 4 Mk B2 v, Cd (2005—2014 4F ) | As (2005—2014 4) \Pb(2010—
2014 4F) it GB3838—2002 (¥ /K M 2K bR fEARL (3R 2) , i HAA FE 4 Ja 39K T A o Tl 1 7K A4
RS TE S B U FETE 4 NMEAY2H (1980—2004 4F 2005—2009 4F 2010—2014 4EF1 2015—2016 4F ) 2 [i]
ZSHLE. Fln, Cd W ELE 2010—2014 4743 2 52 55 (30.50 pg - L"), 1 7E 1980—2004 4F {7 41 iz Ik
(1.12 pg- L") AE AT BNk A, DAL S YT | 2 e Y Tt RV KO | B Dl VI o A B8 UL S 08 | W
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UKD 7 NS I 5 ()75 Y e oM P B 2007 4F, 2 VT K AR i S EH 42 8 Cd Pb | As 9% 2 4331 35 )
10.46.20.81 2.36 pg- L™ ™.2010 4F , B VT3 AR WK R i S T A B Cd Ph . As IR JE 85 1K120.3
442 5380 pg-L™' ") Mann-Kendall #4 %46 5645 50 | 78 1980—2016 4E[a] , KR A Cd Zn FIl As ¥
R TR RS 1 Ph Il Cu WS RS (32 2) T UL, T [ BT I K R T 4 TS Yl AR R B aR AE 1
T, 5 YT AR IR IR

F2 KA A T 4R (pg- L) S Mann-Kendall (M-K) #5¢

Table 2 Dissolved heavy metal concentrations (wg+L™") , sample number (SN) in river and

lake water in China and Mann-Kendall test results from the 1980 to 2016

T4 )R Heavy metals Cd Pb Zn Cu As
SEE AR ETR Mean + SE 1.12+1.02 15.53+8.43 44.50+£19.62  61.80+56.72 5.36+3.65
1980—2004 o
FEAKL SN 9 7 6 8 4
SERE AR ETR Mean + SE 6.42+4.76 4.75+0.79 100.99+52.93  10.25%1:01 71.90+60.99
2005—2009 .
FEAEL SN 53 54 66 69 37
A AR fETR Mean + SE 30.50£10.57  95.30%£36.63  39.09+11.05 51.15+29.10- 1469.79+664.39
2010—2014 e
FEAREL SN 22 25 21 27 12
SEHE AR ETR Mean + SE 1.18+0.59 30.84+23.08  47.80+40.31  41.44x14.75 5.76+2.57
2015—2016 e
FEAKL SN 9 10 9 11 8
M-K #:56 M-K text 1.02 -0.34 0.34 -0.34 1.02
1980—2016
FEAEL SN 93 9 102 115 61
Hi K 2K Bk
GB3838—2002  Standards for grade I 5 50 1000 1000 50

surface water

FERHERUEE [/ PCA Z3Hr 25 L0, 1980—2010 R[], i AR IE(E R T 1 7 2 N5 R+ Bit
EHECR 72.58% . Hrb | Al A Tl HE BT I AR VS A 25 4 S 1) TR B YL U, R X A TS Y1)
DUBRE T 92.83%.2011—2016 48], AR R F 1 19 2 AN T5 Y F B3 E 2508 60.13%. 3
rh AR TR SRR X — B 30 %) T2 i R B X T 4 TS e Y SR EDER i 60.73% (£ 3) A WS
FWT,2005 4, FERIG I 2 B 1T /K PR B i 5 e A R BRI A Tolk L2 6 F A SRR
BELAF 30 d WE 4R Cr As Ni Cd ARSI 437114 5 4.43 .0.46 .1.50.,0.02 mg-kg™" 7", o WL Tk b5
SR HE R 2 K .2012 A g — 5 30 e 55 B 56 T DA RO BB BB A S 1 AR
HELA PR RE 1 4 - W) 25K, It b T U 5 YL I8 B, HESEAROL TG 1 2 7, 51 Rk R A HLl AR
2.

R3PS ST Jm T BRI

Table 3 «Main sources of dissolved heavy metals in river and lake water in China

T4 R 1980—2010 4 2011—2016 4

Heavy metal species PCl PC2 PCI PC2
cd 0.88 -0.09 -0.11 0.88
Pb 0.45 0.44 0.27 0.26
Zn 0.84 -0.25 0.81 -0.05
Cu 0.05 -0.10 0.83 -0.29
As 0.95 0.06 0.48 0.64
Eigenvalue 2.60 1.03 1.67 1.33
Cumulative percentage 51.90 72.58 33.46 60.13
Possible sources a IE/AE DWE NE/DWE AE/IE
Contribution percentage/% 92.83 7.17 60.73 39.27

. *NE, H SR HERL natural emissions; AE, 4V HE L agricultural emissions; IE, TV HE X industrial emission; DWE, 4 1% HE i domestic

waste emission.

MG A N R AR E E R G R T, 2011—2016 4[] 42 [ 4 25 {36 K fa 345 DA il 3%



8 14 Jal 5 X525 v AT K AR G 3 e R A SR DR 2049

ARFRE LR 1.78%10°—1.80%10° kg AH S , A= 1 HE 42 Ji IR - I HEBCAD AE RS 1 4 B N T4 R
T FERE ,2011—2015 4[] T A 16 R /K BHE R SR R B AR 1K (6.59% 107 —7.35% 10" kg) (FhHE AR
HREE RS R) A, AU E I, BB R X A TG B Cd Pb, Cu (97 543135 $30.05—
65.29.0.39—0.86,89.37—125.6 mg-kg ™", H:r LI 5f  SHRL AR 4K B4R 2 4 o 0] L Bt 2 A
] (AR Ak , T T8 7K A B 4 V5 YR IR EL FR T AV HERCHE AR B T SR AA 16 1 7 HE .
2.2 H4E TG YA BRIAC IR 23 8] AR AL RRAE

TR A 5 ol i 2 B 4 VR P8 R DU R 8 % Xk 2 i) 22 57 B & JHE e AR b b XK AR A 2 Cd L PD
As FIFREBHLIX KA Cd As ¥ 5T GB3838—2002 Hith Fe /K T S /K bR (R ( & 2) . ARSIk, A 7K A
5 Tl gt 25 T 4 Ja ST X M R A 2R A M DX s, S L DX R 22 W AR AR S M X i MR A AR b b X Tl i 7K
R RAS Cd Pb Fl As VREE /3 5B ik GB3838—2002 Hrhb ek I 25K BidnifE(a 0y 14 1% 4 15501 53 4%,
FRHL DX K ARES %S Cd Fe FI As WA BHAREIE B9 2 £ (6 A5 F0 4 A%, T 2R 36 R0 PG 38 b DX %) 7K AAC I8
il A T 4 B I T bR

- - - Water quality standard of Cd 250 | - = = Water quality standard of Pb
80F
200
—~ 60F —~
T 150
Y 4
= 40F =
8 2 100
' r X ——
7 Y/ : e 777 77
Northeast ~ Central West East Northeast  Central West East
Area Area
- - = Water quality standard of Zn - - - Water quality standard of Cu
1000f  ===-s-sssssos-sieo---o-- 1000 ====s-smsssmmso--s----o-
800 800
T -
& 600 —é]o 600
< =
S =
N 400+ S 400
2001 200 f
NN ] l& \] N 1 N 1 0 %
Northeast ~ Central West East Northeast ~ Central West East
Area Area
- - = Water quality standard of As
2500
2000
2 1500}
=
=
< 1000f
500F
Northeast Central West East

B2 I DU ORER ST DI T A A 5 s e 2 T - Rk B
GB3838—2002 Htiu K M /K AR HE(E (/KT HE LR )
Fig.2 Mean concentrations of five dissolved heavy metals in river and lake water in four economic regions in China and

heavy metal concentration standards for the grade Il surface water quality in GB3838—2002 ( dashed line)

TEZS AR BB PCA 0 Mr &5 SR80, AR b IX 3k, s AR AR (E R F 1 09 3 A5 U R 1 R 405k
7 100% , 4% M FNA: 6 HE e 33X — i DX AT 98 7K A i 265 T 4 1) 5 Y5 YL R I 38 6 T 4 T V5 G 1) o ik
{E#BIT 58.16% AE FhEk X4, i AR AE(E KT 1 09 3 N5 YL 7 29T E 080 90% , Tl A A 1% HE L
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SR —Hb X BT YL IR P N 4R TS Y 0 STRRIE AR AL 71.76% . 7 VU X8R, B Tl REAE (B R T 1
1) 2 N3 B E 50 65.68% , A% M HE R ik — M X B 4w 5 YL IR, H mT k(R
73.23% AE AR FRIK I, A FRREE R T 119 2 ANT5 57 B F B 90808 80.75% , Tolk A= 3 Al HE
K AR S T AR A EES YR, = F A STk R LA A (3 4) RO IT I K A A S
2 JE 5 Y ) T BRI AE DU K 28 5% X sl 22 (1] 2 57t 25 30RO (] IX 322 (1) 7 4 Ja 15 e ok Y 110 25 St (4R B
T A M X AE Tk A 7= gl & e KA TG K b 25 53 ANTE 23R X, A W4 b0 Rl /K A 4
J& F R [ TR TR wifE LR T A 4 B R R R 2 SRR T Al K E AR HERC .

Ra P E PR 2T DI TR K A g A T 4 s T ORI

Table 4  Main sources of dissolved heavy metals in river and lake water in four economic regions in China

T 4 JR 2k e s i K
Heavy Northeast region Central region Western region Eastern region
metal species PCI PC2 PC3 PCl PC2 PC3 PCl PC2 PCI PC2
cd 0.74 ~0.24 ~0.63 0.94 ~0.03 0.26 0.97 0.04 0:91 -0.33
Pb 0.58 0.79 0.19 -0.20 0.64 0.69 -0.08 0:66 0.87 -0.41
Zn 0.60 ~0.02 0.80 0.94 -0.07 0.30 0.98 0.08 0.41 0.83
Cu 0.11 0.93 ~0.34 0.16 0.84 -0.43 0.01 0.82 0.69 0.52
As -0.91 0.41 0.10 0.72 0.12 -0.45 -0.17 0:47 0.76 -0.06
Eigenvalue 2.08 1.73 1.20 2.34 1.14 1.02 1.95 1.34 2.80 1.23
Cumulative

umuative 41.57 76.08 100.00 46.74 69.51 90.00 38.99 65.68 56.07 80.75
percentage
Possible

DWE/AE IE AE IE/DWE IE DWE AE IE IE/DWE AE

sources
Contributi

ontribution 58.16 36.40 5.44 71.76 931 18193 73.23 26.77 45.60 54.40
percentage/ %

. *NE, H R HERL natural emissions; AE, 4V HE L agriculuiral emissions; TE, Tl HE X industrial emission; DWE, 4 1% HE i domestic

waste emission.

2.3 EEEIERPE

X T E KR E SR Y EIMNE & T — RIVBOR | B 36K R 48 15K J8.2008 F1&1T
B¢ e N R LA KI5 e B iR 15 ) R, YRR ™ B V5 YooK IR BEAY ¥4 5 T 2 i 45 ;2011 4F [H 55 Bedtt 2
B 4 TR 15 G A B A < Al R0 ) W A 2 HE A W SR VR B RN 4 . 7E R A DG I
TRELR , B LA AR A 2 A R e i Ach B rp 55 B R 2 B DT AR P B R S R A, 4%
FEE S5 7 b 4 [ AE A BB A for 22, AR PR E TR AL T AR RN, Bk Cd AR R EE N
35 mg-kg ™, HUCR A I (an 2 KSR ) RILE DB i6 s B2 AR 2 37 7

IEAh , FE G TR TE Y A B - B ATA Y Ak 2E R AR A5 s 2 g is L B ni 5, — 8k
FRPELE )72 P B KR 4 8 ANRERS - R A MR A AR AT IR BUR K o 99% 1 Cu™ 77 | e 2 24
TR — B AR DR EF 2 ] (K P Y PA> R ERRA 99.9% 7Y k2 ki w , H O = h LR
(DTPA) fEREBRIE K T 99.6% 1) Cd™ 7 B 41 /K ( CaCO, ) FIESEALAN (NaOH ) REAT RLIAAR R K P
Cr Ay BV XA 07 Bl 7, 40202 FL R X 48 Cd ¥R BE A 10 mmol - L™ 75 /K & £ W E R
130.2 mg-g ¥ KUIREELE 15d WAHGKF Cd, Cu Ph B ZBEER5 WAl 155 98% 96% 78.5% % ] Il
YrE Ak2E R ) VA A 4 s YL A B 5 TR A 25 R RE R L Wy R A2 5 1 A S ORAR T 3
FHF Tl A AE & V5K T T AL BEAAS R , MEAHE T I 8 A B Y W] R I i ks s 5 AE W 5 1k
D e SN S o NS 7 NI B D N [ O (Y T S I v o e S R O (D2 S 7 B =1
HEORE FaE 2 HARS) I ™ R, &5 AR ] A0 B 4 5 e U8, nT LA B R A fb g
W it 6 T A 4 SR 5 .

3 45155 Y (Conclusion and prospect)

(1) 7E 1980—2016 4F[a] | F [l i 7K (A7 i 75 T 4 Jm V5 Yo MK AR ™ B, 7 A< JL AT B s X Cd A1 As
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WeSZ Pt GB3838—2002 Y MR K T S SRR EAEL , T8 AR S A0 PY F A WL A s BRIt 3 1 1] 19 224
KAAH G 15 SRR E il AL HER R A 4R B A G HER AR AL, DRI IO T By 2 AR 306 R 5 0 e AR DU R
2 DXl ) B 4 15 Yok U 2 S Y A, AR AR DX LA AN A= 3 HERICK 3 R s X L Tl A A T
HECA 3, B SEAT BT X (4 4 i A By P 4 S 5 k.
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