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#E T 1989 4F 5 H—1990 £F 4 A, f£F i F I O 4bs 8 A — W oy 12 M A
i SR 52 T4E, J BB 6 Al HNO,-HF-HCIO B ¥: I 4L )5, IR F R oL RN E T &
PERYHH Co,Cr,Cu,Mn M Pb & B. &REZYW, EAFAHZHBZYHHIREILEHAR
AEFEFBER, Ky - Lo R RERRE NG ML, 54— ST 5HE %
HEEMXE., ERERRWERT, FiMhiHa ASCE xR B TR 8 TTR AT SRR % E K
10%—50%. H5H TR L, RRAFHHMFHBRSRETRAREATH TRLERZ
ASCE S v B /NG AR R, T 55 6 3 89T 9 R GL i, RO B 493 4R B0 A S sh 3T R AP
BRASRETRYERETENY.
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EMTHB(EXES,19949). HETREROESFAREERT R, REEVEREREY
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T, MELHARE Im KFELRE. REERE KM (30cm) —KEBRTFE, HAMBE
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403t Fl HNO, &5 HCI ¥ k. B, &5 A Milli-Q/K ik, (REEXUZ B RS b KK
T 50—60cm AR5, REHMEHANZHE [P, HERE 100 REHERTHEESTH
Nuclepore I8 R7E B LB RN [E T 3 38, KGR FYHMIEMRIER (0—4C)RE.

LRFEHEFYH HF-HNO,-HCIO, E RN A LIEHFEH R AT HA, RREEET,
3 H HC %%, YA Milli-Q/K#BEE] 10—20ml. %% A PE-4100ZLE #UE F R4 66 E
THUSE Co,Cu,Cr 1 Pb, (&% TEXKMH S ZHFI T FR 1 4. Mn R PE-374: KM R F R YK
SN E, ELR KNSR MESS-1ArUE 58 S 7E M [ B &4 T IH 4L 2 47 LA AR
BERELES SRR E,

F1 PE-4100ZL BARFREMETRNTIESRH
Tab.l  Electrothermal atomic absorption spectrometry (Model: PE-4100ZL) for the determination

of trace elements

TR Cu Co Cr Pb
# K (nm) 324.8 2425 257.9 283.3
$ 4% (nm) 0.7 0.7 0.7 0.7
$THL I (mA) 12 10 10 8
bia =5 = (M) 20 20 20 20
FHRIBRE(C) 110 110 130 110 130 130 150
FHR BT 1] (s) 5 510 55 105
LR#EETE] (s) 25 2530 30 30 3530
KALBEE (TC) 1200 1 400 1 500 850
F+i8 B ] (s) 10 10 10 10
3585 E] (s) 30 30 30 30
BEFLRE (C) 2 400 2 400 2 300 2300
FHE BT [E (s) 0 0 0 0
LRFF ] (s) 5 5 5 5
S H (ml/s) JEFILES BEFEs BRFHES RFES
HRRE(C) 2500 2500 2 400 2400
FHiR gt i (s) 1 1 t 1
PR +5 B 8] (s) 3 2 2 2
2 #R
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SR 30 34 18], O A A O ¥k & AR

380—2 800m’ / s [, H M B R & 7 ik

4000—5000m® / s. BIEFWHIWREEL

o T L iK 2.5—160mg / L, ¥ 2 1X 64 £%. T

O i BTN MR BT R R, B SR

Ui (m*/s) EY 3—4 15,

Bl FHATERYNBEESREH XA B2 Y Yk EETE 1989—1990 4E W
Fg.1 Relationships between suspended matter and m ETJ' l‘gj ﬁ{&, ﬁ%ﬂ% EB :J::F_%JKEWQ\

water discharge for the Rhone River ETJ' K W BE 1& £ 2.5mg / L; ERE jﬁf

BEYWE (mg/L)

w
<
T




2 # EE%: B AR BEY RRRE TR BIR 199

®2 FHABASRETRERE (x10™) (1989—1990)
Tab2 Concentrations of particulate trace elements for the. Rhone River (X107 (1989—1990)

Bas i;gﬁ‘] g SI:—I??E)E Co Cr Cu Mn Pb
0 1989-05-19 1410 16.02 125.00 63.15 1052 58.91
3 1989-06-28 710 16.50 101.40 105.40 1446 40.66
7 1989-07-17 630 13.76 92.06 98.41 1126 43.37
8 1989-08-24 730 12.65 79.59 124.50 1367 45.49
9 1989—09-25 520 15.42 128.40 85.59 1423 37.05
10 1989-10-21 420 13.26 100.00 178.60 1142 55.09
11 1989-11-22 920 15.49 186.20 70.99 1209 88.41
12 1989-12-19 1670 16.73 197.20 81.12 1398 47.16
13 1990-01-22 380 33.90 231.30 212.50 2 000 78.43
14 1990-02-23 2790 13.88 127.50 38.77 1192 31.57
15 1990-03-23 1 060 18.93 146.00 74.60 1236 40.23
16 1990-03-29 / 14.84 101.40 62.85 1 085 30.62
17 1990-04-12 1110 14.75 169.20 51.57 1314 29.80

500—1 500m>/s B, 7 497 0 ¥ B AH B2 38 i (20—40mg/L), HR A SH B Z BFETE
B RBE, RMAENRB, HHE > 2500m’/s A i F B39 ¥ E 7T 35 150—2 00mg/ L
(& 1).

Co TERFW P MWE, Hb 90% 7E 10—20 X 10°Z [Al. HWE < 400m’ / s(BF),
BRLA Co M EMER 30 x 10°0 k., ATl B (B R B, H K R Co ZEBIF Y
MEKESHERGEENHXE. BLE, YT 9 MR EZE 500—2 500m’ / s FEE A
B Co MIREEARE.

BEYF CriyEE A 80—230 X 10°Z (6], H o 80%—85% Ry VLI 2=y, L&
Cr ¥R E 25 100—200 x 107, KLU F HMHWHE < 400m’ /s B, BIEFYH Cr
SR THBEE MBS, BRAKTNS, FES CEREZ B EEHXEFA
HE, WY HRE > 1500m’ /s B, FRE Cr W EI AT 4R 7E > 150 X 10°, AH T8
=

1 F W, BB A Cu B E R 35—220 x 107, H o 75% B9 & 5 ¥ Cu < 100 X
10°% 5 Co, Cr ARIMRBRIEN CufeZ M HRER B A3 i 2 F i 2 i 43 T
e, Bl UAMBERE > 2500m’ /s Bf, Cu I BB ZE <40 x 10, MEREYRE
BW B < 400m’ /s B, ORI Cu MK BEIAE] 210 X 1075,

EFRMIGE D, Mn MIRE T EH R THEMERS, KENZEEL 1 000—
2000 x 107, FHFE > 90% Ky XM B 6], FOKL A Mn BIIEE < 1500 x 107, 5 Cu 24,
BRI A Mn IR ERER B/ NmE L. ERMEE > 1500m’ /s, Mn BIIREHT 1000
X 107, T HHKE R EAR/D (4 400m’ / ) B, B Mn 899K JE FT 3% 2 000 X 107,

T RE P EALE Pb & BE T Co, ¥ Cr, Cu Ml Mn 34K, =X EA ], Pb # ¥
FER 30—90 x 107, H AP 7E 75% MRS Pb IRIE < 50 x 10°. BZY+ PoMEER
I RE I K B T s D L BT R R BN KE AR Cu 5 Mn AR E, (L
T Crim 5 Co 21,
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3 Wi E4EIE
3.1 HRASTEANBRRETFRIESHT

2 B PE-4100ZL3E 2 % 52 JR F W% i X B %2 ORI 19 Co, Cu, Cr,Mn Ml Pb #47 7 41
Mo mTFiZNBRRATEER LRAHNENARENR. A ESRENT R
BB, EHEMNSHELAEREES. REtF MEREBIRFMR. &5 LRILFT
WA, LR 5ME R MESS- 1R fERE X REE RS ANEAWE., *FHRH, Cr, Cu, Mn
W E A SRR T B B E R, Co ME SRR 10%. 48X Pb I $HE
AR, AN HEFEBIER 90% (3 3).

%3 IMEAMESS-1 HFRAFUELR

Tab.3 Determination of trace elements using the Canadian Mess—1 standard sample

_ MESS—1 fR¥E WEME (n=3)
TR -6 6
(x10 ) (x10 )
Co 10.8+1.9 13.2+1.0
Cr 71+11 71.4x1.5
Cu 25.1+3.8 27.0£0.6
Mn 513+25 522x11.6
Pb 34.0+6.1 25.8+2.1

311 &AM EESONAGD RUBENEEREZWERENERRN
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2 oeh oo oo Q\ BAAEEER, YKMAMBREZE150T
B Geeeee B, LB B E S REFRE. Cu 5 Co
WO4r by N b IRACIR BE AT R P ) (B 2). —
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Tab4 The composition of the matrix modifiers for element determination by PE-4100ZL

TTE BOA BB B R B A B

Co 0.015 mg Mg(NOs )2

Cu 0.005 mg Pd+0.003 mg Mg(NOs )2
Cr 0.015 mg Mg(NOs )2

Pb 0.05 mg NH:H,PO4+0.003 mg Mg(NO; )
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W—f%, TARGEHFNUES EW, BEEEREAIY RSN SHMTRY B, AA
R SE R HERR . K 4 B TTRWE N E N EARBUHIN MRS MA R,
32 RETENEREALENR W

P S ST, TR R OB ASR BT R IR C, 7 KR WA o KAl 5 Rt g A 7
HE B R B R B A (C) 5 A SCIE s 51 R #9715 R W HER (P) Z M. X R AT Xt
BARBETRMEBERITRRN.C,xQ0=C,xQ+P. Hf QUfi.g/s) AT E
FERYN R R WRAR)., LRETHRETER:C,=C,+P/ Q. BRET,. TR
YR HE R (P) — B8, X B3 DI B 4 o R (C,) Xy e EIBUER, oy —
H%. HARS YHREE R+ SR AT RN E RIRE (C), T E LR RN R AL
T s xR B TR | AR R (P) It (R 5).

F5 BRSRERTE(C.) SWYRBEZEG/QREXSHER

Tab.5 Results of regression analysis for the relationships between particulate trace elements

and the reciprocal of sediment discharge (and the estimated background concentration and

the anthropogenic impacts of on the element concentration)

1
L Ca % £ v?
(x107) (pe/s)
Co 12 2010’ 0.59
Cr 130 9010’ 0.10
Cu 50 170x10° 0.87
Mn 1300 1300x10° 0.49
Pb 35 50x10° 0.23

D RS REE (G ) MAXESE LN TERAR (P BHSEEXI2RHAR

SHBRASKETEMBYEQ/ Q) WKMMEIE 3, FTH, —%TER Cu, Co K
5 1/ Q2 HBFHEEMXME. 7 P=0.05 EHT, BHHXREE >0.50, Hib—Lk
FTE,R2Cr,Pb 51/ QZRMAHTRERERZE (P <025, T Mo U4 T ERWELZ
Bl(r = 0.49). BIEE 4 FLEMSARER T C,5 PEB T, ERLEKS. BRE
B A ] oS Y g A HE RO SR ST B A TR AT LA < 10% 3 F] 75%—80%. BN S5 8
F g R BT B K T W B R, A SCHE SR R ) o5 3 AN UKL Co, P #E I 30%, Xt Cr
5 Mn K&K 5%, M3t E R E SEANMUE KL 50% NES.

FiZig i, IEME 3 BT R MIRRE, AP FIANBRSERTESWIYDREHERZ
BIEA R X R, XRULTRRLT RN RIS 9 H A=A 5K
S, BERHARTFASHELENEERR TERKES AUENNBRZI, HH
HEXARXRAMASGERA XM EMN GBI RAM GR) BB T, XL FHEEH /T
MRk e gk,

HI G BT 5 55 A A B K, B 99T I8 M BT 43 AL T 2R 6 R E AT R B3 L
55 76 3R 4 o g v R A X8, T L M R A R KGR S TR K AR 5. BOR #
IWHEAXFA XA R =Y R R E T RAME. X507 5 2 Hriy 45 R R Y,
R E, BEYFHMIET YRS (BE. KA. FBE B LSS EARA BEER
BEMEFN(EXIE%,1994). BRBUFTESHRERLEGNRELERZATERF
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‘ Fig.3 Relationships between particulate trace elements concentration and the reciprocal of
sediment discharge in the Rhone River

W) Bk R 5 B B A AL O T R R, IR 2 TR AR,
AN, RS HRE T K ENRE - SHE AU REY R T RN A A
BB, P K SRR A BB TR R BRI A, 4w
FRRWESMAEIEFA T IS8 LR K, 1989—1990 EEMRBR 5 H S FEET
¥y B 60%—70%, T L AR A AR E S5 S Y RMEIBA, KEKT 26K
W) 5 F T R YR B B B 0 R A U IR A o T O RO b BB B, AT 7E R T R A TR
3 R T A AE, T K B 3T MR (4R 8 b R S AR, T LT R R TR
B, XWAFERT S5 MR BRI, SRR WE RIS (B 1), TR
EZ AT, TP SERTROE RIRE (C)BIAES R (P) BT REAE S
YR, I HE B E MR B R F AR R R, B R A SCI% 30 00 % 0 T B 3 S50 AR
RTEIIAE (A1) 35 (B> i KB R
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33 ARARZEEARETRAREXFLE

TEE 4 s F 9 BRLASIR BT R WRE 53k 8 H BI85 R ST,
HeB#FEPEKBRIL (Martin e al,1993). KL 5% (Zhang, 1995), L EHF « 505
T (Yeats er al,1982) 5% V4 7Y LI (Trefry et al,1986), A R ALK EHI B LR (Qu e
al,1990), XM RMAN LR E A BEUREHHX, BETERANTESEYD
W, KW E R 1000—3000m’ /s, TV EN 1—10'mg / L. TEFTx LI R S22 8], B o
FHRBHSREBETENKEERERR THEMN RIS KT, FHRSHEFRAS Cus Pb
SGHAMEME 23 EREE, EER IR — DT ACEHE WA/ E %
(Martin er a/,1993). BLEAEME, PRARFHFRSRBTENKESX - H00EM
V9 7Y LU SE O, T RER B E TR B N R A R BRI 536 35, A SCTE B T
BRSKRETERNTABEENEE %, MEEHOR, AXESHTRPEETE
RTREEETTEM R, H B S5 T EEE B BIRABREE X, Hi T AR xH ik
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Fig.4 Comparison in particulate trace elements among some world rivers

1 ZFWE; 20 KI5 30 B 4, %I, 5. A, 6. £ - FHRE; 7. Y
RRAJEW B, 5EASTES (Bl Tilkth) X R FY), B 5Bk MAEEREESRAMW
TR, BEEBR S WEER (Zhang, 1995).

SEEHGIHEE RIKE R, F AT HH Cu (50 x 107),Mn(1 300 x 10°)F Pb(35 x
10°) 5 HERASCE s vp 8/ 2 B N, B0 B 497 v Cu 5 Pb 95 =3k
EERIMBRIHERER—H, BNRABRENSHETNES (B 4).

B, EHTRRKTIRBETRGEY R FHEN, BT RESS I BRHAR
S S BTE VR BE R P IR 2 TR 10%—20%, BRI R IEEES TN AR E S R &R 5
EHEN, IMAHEEMMN, RZLREZ2ENER S ERFERN S EERR
Tz B AR B ST R AT L E A E A, EE 4 B8, — 345 B8k 8 F b
VT 5 08 — RSP ROA A S5 R (PB4 R RE A SO Sl R — NI i
MES RN TREES BAE, UPHRANG, EFRAEN, HEA-ETHARKE
B, R AR BT MR BE AR LTI 3K 50%—100%. X FIE 0 3 T 15 45 A0 3 3l Hb X g 9T
WAAEE, REFEEATHOAKPMEANREZETEZ AMBE,

4 N
FE T A4 T 9 S8 0 VAT Y B R AT K RO VR I, BT BB R B AT IR A ) R %
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WE— NN FE. T 1989—1990 #EIZAEST MM T §, i A REBFEY R4
WEPSHEETEMNKE. ZRAH, #Z MR EFRSHBECRWWKE LI T A
Bz EIRER., —HTREERE W EERE /S, BN SHKREZRA
FETEBF IR, EARMBEEET, B HRENT RN BESRETENSE
TR AR e BRI AR R,

ERRLTFRANBERT, A TZ RN P EASTENE RWEMAXE SN R
BR. Bh T3 e BT IR O BIR T R R R B4 A, A SCIE S BT B K 29 AT o R I B 6 kL
RIRBITEW 10%—50%, Rt BRI FTER 5 50%—90%. X FE 58 TR —8 2 WA
BT, ARG T A .

ARMHEZ B TREKENEZHNREEEN. ERXT MRS S, TR BFAESRE
TR ERARLZACE N WE/ NI RER, T 50 EM — s iael. BT
i I8] B o0 RS RO AR AR B 2 RIS, A SCIE sh st B 99— SR B T A FURL S R
B BEEM.

it Drs L Godin HEMIFHFERFIIN S LREMN TS TR, ESHN.
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CHEMICAL ANALYSES OF PARTICULATE TRACE ELEMENTS
FROM THE RHONE RIVER

WANG Qi, YU Zhi-gang', WU Ying!, ZHANG Jing'
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)
t(Department of Marine Chemistry, Ocean University of Qingdao, Qingdao, 266003)

Abstract Suspended sediment samples from the Rhone River were collected monthly over the
lower teaches (30km inland from the river mouth) from May, 1989 to Aprl, 1990. The samples
were digested with HNO,-HF-HCIO, and analysed to determine concentrations of Co, Cu, Cr, Mn
and Pb by atomic absorption spectrophotometry against international standards. The results show that
the concentrations of the particulate trace metals are highly variable during the field observation
period, depending upon the water discharge, suspended sediment concentration and element of interest.
Some of the metals (Cu, Pb and Mn) illustrated a concentration decrease in response to high water
discharges, but others (Co and Cr) did not show any apparent relation with water flow. Using a
steady state model, the contribution from anthropogenic activities was estimated to account for up to
50% or even higher for the particulate trace elements concentrations in the river, with the rest
coming from the weathering and erosion over the drainage basin. During the field observation of this
study, the Rhone River suffered a serious drought period: water discharges in 1989— 1990
represented only ca 70% for that of long term average. The observed particulate trace elements
concentrations may not necessarily account for a steady state and could be brased toward higher
levels as a consequence of reduced water discharge and sediment load as well as extensive
anthropogenic perturbations. A comparison with Chinese and other world large rivers such as the
Zhujiang, Changjiang, Huanghe, St Lawrence River and Lena etc. suggests that the particulate trace
elements concentrations from the Rhone River are higher than those from larger and less disturbed
systems, but similar to other European and North American rivers. However, the estimated
background levels of particulate trace elements from the Rhone River are rather close to those
suffering from weak human perturbations, indicating the significant influence of human society in
developed countries on riverine sediments composition and hence the elevated pollution discharge of
the Rhone River into the Northwest Mediterranean Sea in the late 1980s and early 1990s.
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