CF5 50

Eco-Environmental
Knowledge Web

4

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 collen kDY
HU A | NGRKEXUE

Fe(l1)+Cr(V1)—— Fe(ll1)+Cr(Ill)

f\..f’ﬂ

B Eh RERSRESKEHRS -
TNV ERN & 2021%F9K

$42% HBoM
Vol.42 No.9




W % A3 A% HoM

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 46 9 A 15 H

H K

Jt5TT 2014 ~ ZOZOEPMZSW 0, Efzﬁ}ﬁﬁﬁﬁyimﬂzfﬁ ............................................................... ﬁc**, A jE, fﬁ?[%;ﬁ: (4071)
ORI DX 5 AP B PM, MO 28 A AP wovvveevoeeenenennons W, RES, AW, KES, AE, FXE TWH,TT (4083)
BRI 4 2 IO BEHE 5 G A PM, (TG YESHI wovreversesssessensinciie, %gﬁ’i%%,%ﬁ@,iﬁ%(m%)
AT P S R IRTT BB --vvvvesvsmvvnessscnn IR, B, AU, BT, FUH, Ko (4104)
BB L BRE URBE I SIORBT errerrerreereeeeeee Kk, £H, RHEE, B, £R, REA, HEH EF, ﬁ(mm>
SETHLA 2 B B N XTI R 2 SRR M ORI oo R1, BRA, HAIW, KEF (4126)
%%ﬁkﬁijﬁﬁégﬁgéﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁm@ .......................................................................................

................................................... NAEE, BHH, AW, REE, BEE, AEE, 4FH, YIEE, FEH, £33 (4140)
TP S VAT P B A B AL I ZE T ARAE, +vveeeveeemee et W, T, Xk, 5], MeEw, A (4151)

KHET 2020 AF 4 5 {5 Y B OB ORI BOHORE - UM, HECE, 7, BTA, ARE, T, aF, AR, Eil (4158)
oo I 25 L 2 DR SR B R B RN ZE wovvevreemsemnsemsems e s

............................................................... T‘IE ﬁlh ﬁ]ﬂ@ Eﬂ—ﬂg ﬁﬁpﬁiﬂé u+ ;ﬁﬁ %7?,%7 ﬂ' é/{‘/\ EH’TE /ﬁ;f/ (4168)
T S YAFIE BT AL B BT I ooresoerssoorssoens KAM, B, LR, A, B0, BHHE, K (4180)
}ﬁE?L:ﬁ?J‘I‘[@}E%%Ej(WVOC% V5 L tf E%}E/ﬁ ...................................................... Z{% ?Ei;fgp %Eﬂﬁa{ ﬁjﬁ ?Mg%% (4191)
R LMK T AR BILHIE ST oo AR, A, U8, E2%, ££6, KEE (4202)
TV T WA R I 23 5 B IR PR ZEFL] v veeeeeermeemeemennieiie s BRK, %L g;ﬁ R, B (4211)
SR A LTRSS R T MR SRR TR BE%, B, 3, E 0, REE, 155, k% (4222)
T T A A T A SR 25 0T JLTGETTH «evereereermemmemmesenienin s BRE ERMA,TE, T, Y (4234)
T I T KT BT BB R o vvovvesesovonens WA, BAK, S8, FkE, GHE, LR, AT (4246)
Fe T R T K e IR ATEEE S BRHERUR I o vvvveeess oo i, BAT, B, ARE, FEF, HEL, THE (4257)
LN CINVAE S L B L R R AL e A 5 17 S SRR IR e, BRAR, ZTIiL, 9K, RaM, §iF (4207)
(DA 3B 123 2 REE. S Vich w78 1 IR A, RR%, ZBH, BTHE, RET, KU, xH, wAK (4275)
IR X N B Y S LR R B XU T M T ZE 0T oo evvermmeemmeemmme e B KRG, maE (4287)
K FTE BRI ) X PR TR M A SR A T B EURIRIMT  +vveveverereremeemme oo Fa, KR, AW, FEF (429)
?@AIﬂkﬂﬁﬁ/F %E/ﬁﬁ’fh;&%} .................................................................................... %’#X Eff@é ﬁ—\%, #Eﬁ%ﬁ (4304)
4%;}&@@*&%;@%[@%@ R{EE/ m;ﬁ% ............................................................ %IE E/dg%t i;}}(i E/gj fﬂﬁi (4311)
KA S R 1V EVE A SR SRR AL TRV XA AT DL I B, - BHE, R, RE =, KEH, TS, thk, 22, FB (4319)
*ﬁi%ﬁéﬁ:mﬂ(hmEPE’JRW?%:’:HW%W%ﬁ ........................................................................... fﬂﬁgﬂ Eﬁ%‘ /E%E/L\ (4332)
T ) [ U0 B U AR R IR AR oeereemeeeemnmsems s Exm, KAQ, -5, FFE, FEN, KiF, BEE (4341)
2ok A AR S R BHE WS ( Scenedesmus obliquus ) Az & BIFE BTN B HAEFHBLE] «oooovveeersmmns MW, KD (4350)
RTER: R KA I AR T B TS 1 K BTRIE S B R Z I DGR AP oeveeeevemneeeeees AR¥z, ZEH, TVE, #E, HIRE (4358)
%Ag{xﬂiﬂ@: ﬂ’ﬂﬁﬂﬁﬂ/ﬂ)& &1}J¢%g$gmﬁﬁun ................................................ [;;7‘21‘, EKWB@ ﬁ;}yp% E}]Légﬁ)]g F L ;fﬂ (4366)
VAR SE N IRBR IR TTT 15 7K AL B AR G I R E R S U E MRV B SO0 oo WEE, BE, HE, TRE, 2ME (4374)
() 5k FE RS T 45 %8 SRT AL A2 SNEDPR RGEARIREE vvvvrerrerrmrmmmmmim, 5&5?‘:}, ?K F % ®A (4383)
HE M 2R 5 H A A SRS ST <o v evevereerereereeeeen e FHE, BLF, KF, TBE, 5B, KOE (439)
4B T KO B RS B B U IURLTE TR B R IIBAI e veeereereemsemmesmenmntent sttt B4 HEW, iﬁ KA (4399)
RTS8 BSEURHIEE 5 5 X HEUE O P V5 KR P LB IRE RGBT oo EXH, B4, Bk, KA (4406)
o R A X 42 TP SRR X T G ARG Meta M oo Kk, BOA, KA, LE, AAK, BiF (4414)
R IR ST R I SR A AT oo BEE, E%, T90, KEE, AR, ABE, FT% (422)
SR8 C I RN E PO il T O D% E 13 S Al 3 R KHE, HAE, MEF (432)
O M R A A ) B A AR AR IR+ veveeermmmmee et

............................................................... EE%—T’, ﬁ@/ﬁ’ //rtilig’ E{i!ﬁ}‘i’ ‘51&@, ij:ﬁ, }%@E, gg;g*%’ 7‘&}51}( (4441)
AU BRI A LS KA R BB EZ R oo Bk, A, TF4E, 0%, A&k, BRE, S8, BHE (452)
R R ZE M B 30X AR 5 e KRR A KT A RIS EAIF] v vvevveermermemmemmmene et #FE, BT, BB (4462)
1 BB R A AR T R-13 B3 B S 8 R ZE MR A ST T EAII ++evereervesereenesesiesiet ettt bbbt

.................................................................. EA, MR, Bk, THE, R, AMF, EwE, BEY, KKk (471)
R THE X A5 BT A T 2 S VS L IR o vrevrevsevsemsemsemsenssssemssmssni s WM, o, KL, 6, A, KE (4481)
I_Jl_ifﬂljrﬁ*ﬁﬁj:ﬂ)?Lﬁﬂ%[ié@ﬁﬂ@ﬁg%ﬁﬁ ........................................................................... X]JEB‘ZL;T'JQ, ijﬁjﬂt}\é (4489)
ﬁﬁfﬁi%i{@(&XTﬁiﬁ:&ﬂ:itﬁﬁgﬁ']gunﬁt% ................................................ g[}laﬂ, {g‘cﬁﬂ, E}L’ ﬁ;ﬂg, ﬁuunagﬂ (4500)
NI SR UP T SRR & T S LR, WF, FE, BEE, ERE, BEHK (4510)
FL B U A 5 B B e VD) BB oo BB, BB, FUML, 9, B4, AT, shiEsk, B EAL (4520)
WK 25 5 0 B [ BTG TSI+ vvereenmemeneenenesinnsnnsnn e ERMP, KT, B, MBS, Ei% BT X, FHIF (4527)
SUIRAMFEUCH BRI BT K N, O HERLRGN oovssvovve o HWA, £, MHE, A%, T, GEE, 5 (4538)
MENH,” -NAEY) 5T 13 N, O-N HERCR NH, -N FELIIFEM oeeeeeeees Dpefl, ES, REE, FEX, X, FHEF, H¥EHE (4548)
OBARRER XA B TSR U LR oeereeeresesesrmsseeenns KAEL, BEM, T, £&, ®w, WG, A, Y (4558)
1985 ~2019 4 & R FEBEARE AL A VI S YI BRI - oeeeeeee FhE, REX, BHE, £8%, T¥4E, REF, KFEHE (4566)

(MRRIEEVEIT 3 (4201)  (RIERLE)IERA R (4340) 155 (4382, 4537, 4565)



)
er_j;ﬂrﬁ In BB R = 554245 S50 20214F9 1

Eco-Environmental
Knowledge Web Environmental Science Vol42,No9 Sep.,2021

Wﬂiliﬁﬁﬁiﬂi}lﬁgﬁgluiﬁ 'J' ﬁ’?ﬁ&_~ 1:|:1}

SR SRR FEE T XI5 s

(1. PEdbIiE R Hﬁfi'ﬁﬂf“ﬂ%” , 22N 7300705 2. H E b SR B A MBI AT T, [ SR B URER /TP A iR B F1 2R
FUERE, AR 5410045 3. MINTTEREE ARG WE IS, A0M 545001)

FEEE . 7R 250 G B W AE T K AR P TS 25 48 Zn, AL, Co. As, Ni, Cr. Cu., Mn, Pb. Hg #1 Cd #4775 %5 & Wl
HEMAFSE AT A T 4B A 23 43 A5 S s Yool U8 R R H A2 254 15 Y48 B00E T /K AR IR 5 B i A T 1E AN, S5 3R 0
OB AEWI A% AL, Co, As, Ni, Cr, Mn, Pb Fl Cd 3754 B R b /K i i 2445, Zn Al Cu 5548 5 b e i
ETFARERAE, He & mMA IR, MIVLREK RS B4 Eﬁ%?ﬁrﬁﬁﬂi%%tﬂ%k,ﬁﬂ%%,$7kﬁﬂﬂ%1fﬁ%ﬁq‘l‘£ﬂ*“1t%m$ iz
*l‘mﬁa\%ﬁﬁ%f&%ﬁﬁﬁéﬁ}ﬁ@ﬁﬁﬁﬁ- QWL IEE 4R ICE He. Cd Ml As BRI TI5 9850 &, N B 424 R
AR WR K R T 4 R 25 A T e KU HAT — mﬂﬁf‘%wﬁ{h%ﬁ%@ﬂwﬁ >11A>6A), %ETTH%E»WE{{XTEE%E 7J<¢<
S RESSAFAE — 2 e iR SR YBFNE AP~ W B /K 1A 8 4 S B A T v BV e aKOT R r i A T 1 9 R AR X R R 2
e 223 R W3 38K IR A B T A R T ;. TR AR N EE 5 A B"Fﬁﬂ;@%)ﬁm/fﬂﬁ%éﬁliﬁuqﬂ S 2 A g
) Cu T3 U S HEA TR0 o <5 R DP9 T, A8 25 ML 0 1) 3 O 4 o RUE 90T 8 T8 iR 75 e A0 S M S J 38 PR i >4
TP HPAEAE As, Mn, Pb AL, Cr F1 Ni JUZR I S0 A b ]ROBE A In] i 25 40 e 1 e ﬂ:ff\ﬁﬂ P 3 3 @gﬁéﬁﬁ‘ﬁ“’métﬁﬁ
7~, Cd, Cr, Ni, Co 1 Pb FENRIEF Tk A= =% 8lFs-As Fl Zn JI_E;H?TTWKM{M:@/G%%ﬁ% Mn Al%ucu JI_%;H?

TAR AN At . L “ ' 7 kf,ﬂ
KR MV, MR E S it ﬁﬁ 15 G ITW, IK B B | \ f __‘“;" ‘
FESES. X522 imhwm A XERE. mw3wuynnw4%4u DOI. mlnmammzmmm% ;

- L WV s

—_— f

Spatlal and Temporal Dlstrlbuﬁ'bn and Pollutlon Evaluat‘ion of Soluble.- Heavy

Metals in/ Llujlang River Basin’ "y A

ZHANG Wan—Jun 2, XIN Cun-lin"" YU Shif 2*'1 LIU Qi’, ZENG Pengf’2
(l Gf)llegz of Geogralphy and Env1r0nmental Sc1ence Northwest Normal University, Lanzhou 7300707 China; 2. Key Laboratory of
Karst, Dynamlcs “Mlmﬂtry of Natural Resources/ Guangx1 Inst}tu'fe of Karst Geology, Chinese Academy of Geological Sciences, Guilin
541004,.Ch1na, 3. Environmental Monitoring Station of Lluzhou City, Liuzhou 545001, China)

Abstra&; In the Liujiang River, soluble heavy metals Zn, Al, Co, As, Ni, Cr, Cu, Mn, Pb, Hg, and Cd were monitored day and

night to determine their temporal and spatial distribution as well as the sources of this pollution. The Nemerow comprehensive pollution
index method was then used to evaluate the environmental quality of the Liujiang River water body. The results showed that: (D For
each river section (Lutang and Luowei) , the amounts of soluble Al, Co, As, Ni, Cr, Mn, Pb, and Cd all met the Class Il water
quality standard limit, as defined in the National Surface Water Quality Class Il Standard. The concentration of Zn and Cu was far
below the standard limit, while the Hg content slightly exceeded the standard; the concentration of heavy metals in Liujiang River basin
was highest in the normal season and lowest in the wet season. In terms of spatial distribution, the Luowei section had a higher heavy
metal concentration. ) The single factor pollution indexes for elemental Hg, Cd, and As were higher in the Liujiang River basin. The
Nemerow comprehensive pollution index evaluation shows that the risk of heavy metal pollution in the water body exhibits certain
seasonal variations ( March > November > June) , indicating that rainfall in different seasons may result in reduced drinking water safety
in the study area. The water of the Lutang and Luowei sections generally exhibited a moderate level of heavy metal pollution. The
comprehensive pollution index of the Luowei section was higher than that of the Lutang section, and the pollution level was relatively
severe. Therefore, the Luowei section should be listed as a priority control section of the Liujiang River basin by the water environment
management department; @) After assessing the difference in heavy metal pollution between annual and monthly rainfall periods, it was
found that the selection of rainy season or conventional season has no significant impact on the assessment of heavy metal pollution in
rivers, when the mass concentration of Cu in the river is used. However, the presence of As, Mn, Pb, Al, Cr, and Ni elements in the
river will cause significant differences in the evaluation of heavy metal pollution on an interannual scale; @) Multivariate statistical
analysis results show that Cd, Cr, Ni, Co, and Pb in the Liujiang River are mainly derived from industrial production activities; As
and Zn are mainly derived from rainwater leaching of domestic pollution waste; Mn, Al, and Cu are mainly derived from the application
of pesticides and fertilizers.

Key words : Liujiang River basin; river heavy metals; temporal and spatial distribution; pollution assessment; water quality
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Table 2 Average annual mass concentration of heavy metals in the Liujiang River basin/pg-L '

oy A g A _ A ‘2%21‘%‘ _
L A /ME FiifEZE A FE% N /ME brifEzZE A

As 1.10 1.94 0. 65 0.73 0.53 1.18 2.08 0.61 0.79 0. 62
Cd 0.17 0.27 <0.06 0. 14 0.02 0.18 0.28 <0.06 0.15 0.02
Zn 11.62 13.15 <0.8 2.16 4.68 3.4 3.59 <0.8 0.28 0.08
Cr 0.83 1.18 0.61 0.31 0.09 0.95 1. 15 0.74 0.21 0. 04
Cu 0.72 0.9 0.52 0.19 0. 04 0. 64 0.78 0.4 0.21 0.04
Mn 0.45 0.55 <0.06 0. 14 0.02 0.52 0.76 <0.06 0.34 0.12
Ni 0.87 1.17 0. 65 0.27 0.07 0.7 1.12 0.1 0.53 0.28
Co 3.57 7 <0.03 4.85 23.51 0.12 0.15 <0.03 0.04 0

Al 4.31 5.02 3.60 1.01 1.01 33.44 79.35 9.94 39.76 1 581.09
Pb 0.24 0.39 <0.07 0.22 0. 05 0.21 0.33 <0.07 0.17 0.03
Hg 0.23 0.26 <0.07 0. 05 0 0.28 0.4 <0.07 0.17 0.03
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Table 4  Partial correlation matrix of heavy metals in the water of the Liujiang River basin

As Cd Zn Cr Cu Mn Ni Co Al Pb Hg
As 1
Cd -0.276 ™ 1
Zn 0.291 " 0.099 1
Cr -0.076 0.742*  0.100 1
Cu 0.339™ -0.614™ 0.158* -0.436™ 1
Mn -0.124 -0.014 -0. 064 0. 023 -0.016 1
Ni -0.453*  0.715" -0.061 0.845" -0.425"  0.071 1
Co 0.177" 0.858™  0.272* 0.805* -0.453™ -0.078 0.609 ™ 1
Al -0.352*" -0.400"" -0.259" -0.251" 0.238" 0.334* -0.086 -0.583 " 1
Ph -0.502*  0.811™ -0.059 0.602" -0.499*  0.036 0.708 **  0.607 " -0.140 1
Hg 0. 064 0.325*  0.049 0.193* -0.207" -0.075 0.178* 0.337* -0.211"  0.226™ 1
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