$18% Eo B HE 5 B & Vol. 18, No. 6

1987 4 11 A OCEANOLOGIA ET LIMNOLOGIA SINICA ~ Nov., 1987

HAORAEATOKXEHLE
KRR O EER

(hEMEREERRFES)

BE  MNEFTHLEOXSOMEEREEN, EAPREEE%NSBILAKS
B BRI STRARE. HHSRE %, HAFRRY, FKh SR (C(®)] Hx,
ZMEs [Co(I)] Rz, 5 M8 (Cr(VD)] Bko EF O R SHAME, BT HRA 0K,
FAKH cr(U) RAEERE, (VD) JHBRER K. Cr(I) 5 oD, c«(P) & cop,
B c(P) 58K (TSM) EBIFNERE . or(VD) R O&HFT, TRENDER,

BRTHRMTEATLRD.

B ER V2 i EACF RBOGBAOBT S, RRTTRAER OB LREEK, MR
TR E R, ARSI, 425k, YR e RIT 3T TR ER R,
THRITHRIERF ORITH, 1984 EEMKPFMEAPRT T _RIEE, REREXRE D
RS> ST AR R

—. BURE R s T 5 ik

1984 4£.5 AR 8 AESEA T RFI O 19 A6 (B 1) Bk, RBesrERRmE

118°30" 119° 119°30 " E.

N

38°

37730}

B EE R MR RS

Fig. 1 Sampling stations in the Huanghe River and its estuarine region
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Tab. 1 Contents of various speciation chromium and its correlation parameter

R Rsh ] COD | TSM |[C(T) | Cr(8) | Cr(VI)| Cx(III) | Cr(P)

B S(%o0)
;) (mg/L) |(mg/L) (pg/L) | (pg/L)|(ng/L) (ug/L) (1g/L)
5 0.095 | 2.98 | 1710.8 | 28.06 | 1.16 | 0.20 | 0.96 | 26.90
© 8 — | 13.12 | 5571.6 | 414.00 | 1.98 | 0.33 | 1.65 | 412.00
5 0.090 | 3.39 12088.8| 26.72{ 1.12 | 0.16 | 0.96 | 25.60
£ 8 — | 11,03 | 5647.0 | 450.90 | 0.91 | 0.26 | 0.65 | 450.00
5 0.100 | 3.12 | 1016.0 ] 23.45| 1.13 | 0.14 | 0.99 | 22.32
¢ 8 p.110 | 8.69 |[6209.0 380,70 | 0.67 | 0.25 | 0.42 | 380.00
5 27.911 | 1.22 | 126.6 | 3.45| 0.55 | N.D. | 0.55 2.90
N 8 0.426 | 14.84 |11173.5 | 691.40 | 1.37 | 0.23 | 1.14 | 690.00
1 5 23.820 | 1.16 2401 ] 2,99 0.4z | ND. | 0.4z | %2.57
8 8.292 | 2.93 | 646.8| 47.16 | 1.16 | 0.18 | 0.98 | 46.00
s 5 29.603 | 1.16 17.6 | 2.37] 0.57 | N.D. | 0.57 1.80
8 9.739 | 3.30 6.3 1.5 1.06 | 0.05 | 1.04 0.42
. 5 29.423  1.16 9.2| 1.67] 0.47 | ND. | 0.47 1.20
8 18.317 | 2.44 0.7 1.42| 0.79 | 0.05 | 0.74 0.63
28 5 28.347 | 0.916 4.2 1.28] 0.48 | N.D. | 0.48 0.80
8 }27.783| 0.92 0.8 ¢.72| 0.59 | o0.08 | 0.51 | 0.13
" 5 30.004 | 1,03 13.8 | 1.73] 0.35° N.D. | 0.35 1.38
8 27.832 1 1.71 2.0 | 0.68] 0.35 | 0.13 | 0.22 0.33
] 5 26.118 | 1.06 | 110.4 |~ 6.40 | 0.52 | 0.01 | 0.51 | 5.88
8 11.886 | 2.49 | 188.8| 13.07 | 1.07 | 0.08 | 0.99 | 12.00
w0 5 27.384 | 0.760; 15.81 1.96| 0.40 | 0.0z | 0.38 1.56
8 24.828 | 1.26 3.9] 0.86| 0.43 | ©0.05 | 0.38 0.43

D £EHRADEE . ZLESHE, N. D. FRRM Mo
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Tab. 2 The ratio of various speciation chromiumi(%)

w = | OREB L cam cam) | oexvy | exvp Cx(P) cx(s)
O Cr(T) O) G D) Cx(S) OB O]

5 3.42 75.61 0.71 17.24 95.87 4.13

© 8 0.40 83.33 0.08 16.67 99.52 0.48
5 3.59 85.71 0.60 14.29 | 95.81 4,19

. 8 0.14 71.43 0.06 28.57 .| 99.80 0.20
5 4.22 87.61 0.60 12.39 95.18 4.82

N 8 0.11 62.69 0.07 37.31 99.82 0.18
5 15.94 100.0 0 0 84.06 15.94

N '8 0.16 83.21 0.03 16.79 99.80 0.20
5 14.05 100.0 0 0 85.95 14.05

' 8 2.08 84.48 0.38 15.52 97.54 2.46
5 24.05 100.0 0 0 75.95 24.05

» 8 68.87 95.41 3.31 4.59 27.81 72.19
5 28.14 100.0 0 | o 71.86 28.14

> 8 52.11 93.67 3.52 6.33 44.37 55.63
5 37.50 100.0 0 0 62.50 37.50

2 8 70.83 86.44 11.11 13.55 18.06 81.94
5 20.23 100.0 0 0 79.77 20.23

2 8 32.35 62.86 19.11 37.14 48.53 51.47
5 7.96 98.08 0.16 1.92 91.88 8.13

! 8 7.57 92.52 0.61 7.48 91.81 8.19
5 19.39 95.00 1.02 5.00 79.59 20.41

¥ 8 44.19 88.37 5.81 11.63 50.00 50.00

1. FERSEONH

B [Cr(T)] W : WKEL, B TR AR Co(T) SRNHBESSI%
25.55ug/L R 2.39 g/ L; AR EN S 512 484 pg/L 71 6.26pg/ Lo H L, Cr(T) &
BUERASHEBRANEN, EASESRETRES, THENTREEAR KB
HHER,

EREAORX Ci(T) 4BHRSEBREISEE, XTHEENAEREN
BERYRMEEX, N C(T) 4BREE, TRRASEBE®,S 11.28/L, -

EROX ETRENEREL, C(T) SEDERR, RAREHBNHRS, &M
KM G BEEIN 3, Cr(T) S BMBIETE 7 #5(H8 22), EFAMFAEHEF HSMIN
B, MG VBN BE Cr(T) REETH i, MNUSE] 25 35, B2k BN Cr(T) B RIME T 460
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Fig. 2 Correlation of togal chr'omiumk to transport distances in river water

s BKIR(1984.5); B FKEH(1984.8),

e 2b), KEEBEB TR, |
Cr () oyt HPIFARFIEAh Cr () WIEHSS. 4 hE% Sk

ﬁ&l

BB, FRAARNAR Cr(Ul) MX¥ESF% 0.781ug/L R10.438ug/L; K
30, #9184 81 % 0.965 g/ L R 0.621 g/ Lo %}ﬁa’mywaﬁtmuz ,zisyx;;qt:m;k
A RENS Y.

RO SIZERT (A0 G B2 N it & MR IR, ZE N O, T 9670 25 S5 BT 5 (R 3a)s

F K, G IEE N s BT BN, B 2 AR T 0, 7E N O IR A, S0 B4k i
R (E 3b), LT ATEEBRBERL L, HEAEERNERER,

ERRFOX Cr(lll) &8E%E, T Cr(I)/Cr(S) WiE, WAY, FHAKRET
HIX Cr(IlI)/Cr(S) KBS 5124 85.0% F198.8% ;5 i Cr(I)/Gr(T) MBI M4 BI%
3.80% F122.0% 5 3K, WK B FX G Cr(UD)/ Cr(S) YA B 77.0% F186.9%,
i Cr()/Cr(T) RIBERISBIN 0.20% R 45.9%,

EFMAK, Cri)/Cr(T) mwmsﬁwmammgmﬁtgm, SRR
Mm

A SE ARAS Cr(l)/Cr(S) WL PEE 70% DL, Hik, SRERENE
BEH . AMi,WHX Cr(lD)/Cx(S) F1 Cr (I)/Cr(T) HILL 4B Kb gL % B,

Cr(VD) g5 HARFAOKX Cr(VD) WERHLKIRFORE, A5KkTo
WAHERBEE T AR Cr(VD) MERLEAPSRER, MOK SRR, RER
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a. RHKEA(1984.5, ZE); b. FEKHH(1984.8),

SR PR

R, AR A QR Cr(VI) & REEIES B3 0.1694g/ L F0 0.005 ug/L; ok
A, BN 0.268 ug/L F3 0.082 ug/ L,

Rk#, FKFIEOX Cr (VI)/Cr (T) B3t % 4> 51 % 0.59% &1 0.28% 5 ffi
Cr(V1)/Ce(S) HITHILLE N BI% 13.6% F11.2%, AR, AR OX Cr(VI)/Cr(T)
FISEISI LR 43 B2 0.06% F17.0% 5 Cr(VI)/Cr(S) BB LL %A 514 23.0% A1 13.1%,

MER Cr(VD) $5I5F Cr(T) R Cr(S) MILLEBH, Cr(VD) SRIRME, Kbk
IR BT EREMESEHRRKENRS. Cr(V]) WAHSEEMEBHSHEHE
Pl HE,

Cr(S) Wy a: Cr(S) SRS BER, FKT OR &, F kI AR,

Rk, AR O Cr(S) B4 BI2% 1.04ug/L A1 0.443pg/L; KM, FK
A O Cr(S) HES I 1.23% R 0.703 g/ Lo

PR 4 T B L 2T O R KIR A B N 0, TRIE R K SR K 48 e B B B 7
ELUBEA Cr(S) [ Cr(P) #%, {HE KN 5 Cr(S) & BME, F/E HABE T,
XA R 5 7E N S5 B B th R R B B A o

CCr(P) WS BERAMOK Cr(P) MARNER, LHEERKY, EREKD
Cr(P) &BE®S, LKA ENEM, |

KK, FT KR QX Cr(P) B394y 5124 24.43pg/L F1 1.95ug/Lo MG HEIN
¥ Cr(P) MEETIE 8 4%, W O RIRERE, M, AARMAOX Cr(P) MHES 5
3% 483pg/L F15.56pg/Lo MNEE 25 3 Cr(P) & EAMT 1643 5, BRHEBHKE
BB,

R 7K 3, B AKORT X Cr(P)/Cr(T) MIBIESY BI% 95.6% F1 77.8% 33 K3, W /KA
AOXE Cr(P)/Ce(T) KIS FIX 99.7% F147.1%, BT Cr(P)/Cr(T) bR
BBl Cr(P) TRAMEBREERS. 2EF KA KREIEA 05, f T O M=, 4
S P A AL, Bl AR BRI, B AR Cr(P) # AT, Bl Cr(P)/Cr(T)
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HILLRIET 50% LLTo INIEE 25 WBZWEEM 11.2 g/L F{KZE] 6.3ug/L, Cr(P)
ERWM 690ug/L THEZE 0.42pg/L, T Cr(P)/Cr(T) M 99.8% FEZE 27.8% o WA
5 &, MKH, GHENY Cr(P) FEZE TH,ENKEE 1 BB &,
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ME 5 B, FEKBLENY S(%) 25 0.4% 0125 35 S(%0) 4 9.7% b, B2 EHAE

RO, REARMBNF OB SR, ERNOKRERIER, C(P) REREEM,HRR
Rt

2. RAMSHHTIS
B KB REAR AR Cr(T) WEHLLEAEH, Cr(P) R /KhREENEE
E¥A, Cr(ll) Yz, Cr(VD) MABRKER A, XARHELEEK IR K E 8

Lo

M ORXARRIEEENS BB RBH, A O Cr(P) MEKPEEFENE
B, Cr(ll) Rz, Cr(VD) MARERS. BEFKFEEMAX, Cr(D)/Cr(T)
e Cr(P)/Ce(T), R Cr(ll) HEREHR, FAHR Cr(P)/Cr(T) thhhAIHA
BREAR;E Cr(ID/Ce(T) F1 Cr(VD)/Ce(T) REE, KLl Cr(VD/Cr(T) #FENE
%, Cr(I)/Cr(T) MESE TR Cr(P)/Cr(T)o XFMIR SH AR, BHIER
NXAEESREET IR, MAFEXBIBAREANHE,

M 3 — 5 BRTEH, B BB ET O G, 27 O WE L2 & G m (1 eH, pE,
S(%0) HAE(L), HBIRRE AR , (5 MR VE M, BREATLRME. ME1H
W, MKIAZER O G BEEINYE, Cr(VI)M 0.14 4/ L B MIRDAIT, M Cr(P) MG
B 22.3ug/L MEE] 25 HERY 1.804g/L, WRARIE 12 65, MR 2 HFEHRLUAR. XE
Cr(VI) BESHENWE KLY COD HiRE, ik 3.12ppm) EEHEE] Cr(IlD), fi/E#
BIZMBMIR Cr(P), FHHIEIIMERENER,

M Cr(III) Fn COD HyEIHHTRH:

KR Cr(III) = 0.246COD + 0.194 (1)
n=17, r =0.964 (f£ 99% B{Z W, mFE r = 0.606),
FK IR Cr(II1) = 0.0479COD + 0.494 (2)

n=15, r=0.597 (f£95% ISR, IFFHE r = 0.514),

mAER), Q)H A, MAFHM=EEAH Cr(Ill) 5 CODHFRFMEMRIR Ko B
COD wit, Cr(1) &, BH Cr(VD) BHENMERN Cr(lll),

MCr(IN)/Cr(T) 5 COD HKJEIEDHTH H:

WK AR : Cr(I1)/Cr(T) = 30.66—8.61COD 3)
n=16, r = — 0.808,

EAHAR: Cr(111)/Cr(T) = 53.68—4.38COD L (4)
n=15, r = — 0.732,

FHER(3), (4B, Cr(1l1)/Cx(T) 5 COD FRIFHAMRRKRo
Cr(P) 1 COD WEIHGEA:

7K AR Cr(P) = 10.42C0D—8.43 (5)
5= 16, r=0.978 (f£99% F{EERS, r = 0.623),
K Cr(P) = 46.41COD—78.7 (6)

n=15, r = 0.976 (F£99% TIEER, r = 0.641),
MHERK(5),(6)THBH, ZERKBIFEKD, COD Fi Cr(P) HAMRIFHIEMR %

/
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Fo XEtBiBAKR COD EHid, kEAVMEE Cr(VD) 2% Cr(llD), FHEAFHRHIT
R Cr(P), MififE Cr(P) &EWAHNMER, ’

MCr(P) 5 TSM KIEIFS B ATH—PRENEE,

Cr(P) 5 TSM WEIHGES:

Rk AR Cr(P) = 0.0148TSM + 2.15 (7)
n=16, r=10.956, '
FE KN Cr(P) = 0.0653TSM + 4.8 (8)

n =15, r=0.993,

MEBR(7),(8)BH, Cr(P) 5 TSM FERFHLMEMRK R, WMFEKM 28
¥ TSM &EEK, % 0.8mg/L, Cr(P) S EWMERI, BI04 0.13pg/L; TIN 35 TSM
SEBERE, % 11.2g/L, Cr(P) Wik 690ug/Lo X NIEE 25 WhEh B TR , 738 L AR
TREOYEF R0 pH BRI T, 5148 TSM {RER BRI, BTl TSM S 8M 11.2g/L Rl
#| 6.3mg/L, fu Cr(P) &EHM 690ug/L BIMEZE 0.42p4g/L,

Cr(1l1)/Cx(T) 5 Cr(P)/Ce(T) MIEIEFEA:

KK AR Cr(111)/Cr(T) = 99.49—0.992Cr (P)/Cr(T) (9)
n=16, r = — 0.999, _ -

F K B Cr(1II)/Cr(T) = 81.11—0.800Cr(P)/Cr(T) (10)
n=15, r = —0.976,

(9), (10) HEH, Cr(1l1)/Cx(T) 5 Cr(P)/Cx(T) EMIFHMMRIKA(E 6),
ks SR %N,
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Fig. 6 Correlation of Cr(II1)/Cr(T) to Cr(P)/Cr(T)in the dry season
TR AR D RN HEH KR BROBREYX Cr(1l) ARM Ko 1ER , &
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ZLEFE, RATHAL Cr(P) AREREES, Cr(VI) HEKREEES, WOX

BRFEAEEF OLFRLL Cr(ID) HEEREIN, BERmAhRRAFREND 4 RE
Ml EREFOXEEERAABSBNES, E OB LK ERERER, Cr(VD) &
BAPESOENDERY Cr(ll), HREHBHKDEREBZHFRE. L&, BR
Cr(P), FREETBEZITRY P,
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CHROMIUM SPECIATION IN HUANGHE RIVER AND
ITS ESTUARINE REGION*

Huang Huarui “and " Pang ‘XJu‘.ezhong

(Institute of Oceanology, Acadzmia Sinica, Qingdao)

ABSTRACT

At the start of the dry season, the average contents of total chromium, total dissolved ch-
romium, trivalent chromium, hexavalent chromium, and particulate chromium in the lower rea-
ches of the Huanghe River are 25.55, 1.04, 0.781, 0.169 and 24.43 ug/L, respectively, while those
in its estuarine region are 2.39, 0.443, 0.438, 0.005 and 1.95 ug/L, respectively.

At the start of the wet season, the average contents of total chromium, totak dissolved ch-
romium, trivalent chromium, hexavalent chromium and particulate chromium in the former are
484, 1.23, 0.965, 0.268 and 483 pug/L, respectively, while those in the latter are 6.26, 0.703, 0.621,
0.082 and 5.56 ug/L, respectively. ' '

Contents of different speciation chromium in the wet season are higher than in the dry
season. .

At the start of the dry season, the average ratio of particulate chromium, trivalent chro-
mium, and hexavalent chromium to total ghromium in river water of the Huanghe River are
95.61%, 3.80% and 0.59%, while those in sea water of estuarine area are 77.76%, 21.96% and
0.28%, respectively. '

At the start of the wet season, the average ratio in river water are 99.74%, 0.20% and
0.06%, respectively, while those in sea water are 47.09%, 45.89% and 7.02%, respectively.

Particulate chromium is the principal speciation in the river water, trivalent chromium
«comes next, the last is hexavalent chromium. The speciation is similar in the adjacent estuary
and river water, but trivalent chromium in far off estuarine area is the predominaht species
in wet season, and hexavalent chromium is of secondary speciation.

When violent physical and chemical changes occur in the Huanghe estuary, large amount
of organic matter in water may reduce hexavalent chromium to trivalent chromium, which is
then readily adsorbed or complexed by suspended: matter, and forms particulate -chromium,
which coagulates and settles in the sediments, completing the transference proce#ses of ‘particu-
late chromium to the estuarine sediment.

el

* Contribution No. 1274 from the Institute of Oceanology, Academia Sinica.



