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Species and health risk assessment of chromium around uranium tailing pond in the
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Abstract: Taking the water around the uranium tailing pond in the upper reaches of Lake Poyang Basin as the research object, the
pollution characteristics of chromium (Cr) were studied, and the contents of Cr in different speciations were calculated by the
hydrogeochemical simulation software PHREEQC. Then the morphological variations under different conditions were discussed, and
health risk assessment was realized. The results showed that the concentrations of Cr in the uranium tailing discharge water, tailing
leachate and shallow groundwater did not exceed the relevant standard values. It was found that trivalent chromium was the main
form with exhibition of Cr(OH)?* and Cr( OH)} in most samples. Chromium speciation were affected by pH and electron activity
(pe) together. In the condition of pH=3-5, CrF?* was the dominant species. When pH>5, the effect of pe value on the chromium
speciation was more obvious with the increase of pH. When the pe value increased, the concentration of hydrolysate Cr( Il ) de-
creased gradually but the oxidation product Cr( VI) increased gradually. The health risk assessment proves that chromium in shal-
low groundwater did not cause carcinogenic risk and non-carcinogenic risk to human health. While the pH and pe changed, the car-
cinogenic risk coefficient of chromium will be higher than the maximum acceptable level recommended by ICRP and USEPA. As
the toxicity of hexavalent chromium is much stronger than trivalent, it is necessary to pay close attention to the pe and pH values in
the water to avoid the increase of pollution.
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BRI, CB2E [ AR R WL (USEPA) 311 17 Fh s BE FE I O BEMERI R 22—, ELiR T Cr B9 il
YL A A I, B 98 USEPA 5 [ R F S AL (TARC) 192K Eom ' . kb i Cr 35— 07 Thi
P R B AT Cr BRI B — Oy WA LT Read B Cr i gk itk B
1 G XA L THRE S5V B Cre Y A K BRI 36 i 35 7
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Fig.1 Distribution of sampling sites
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Ao, Hi AR B0 RS FE 50, T840 RD 555 mg/ (kg-d).
AR AR Cr AR H 4555 CDIH AR A
:CW-IR-EF-ED (4)
BW-AT
A, CW AR s Y TR BE , mg/ Ly IR g H A OK &, L/ d; EF S B2 0%, d/a; ED Sy 5 02 H e i
W], a3 BW RIATE, kg; AT R V-2 it ], d.
R I 5 T A R TR A 5 28 B x AN A (19 2010 4F 42 55 S N D% e 2 1 V5 48 A3 WU 95
K 74.33 o' P B HH R G RN GHEURE TIPS AR BW A 63.957 kg™ USEPA g iU A4 H 1hok
TROKIE IR Jg 2 L/d, TR K B 5% 2 BOR B0 S8 B 2 80, AR BOR W T 5 % R it 5 R USEPA AR L EF =
365 d/a, ED=30 a, AT 5 = 74.33%365 d, AT sy = 30%365 d,SFe )= 41 (kg+d)/mg, RfD¢y,=3%107
mg/ (kg-d) , RfDey)= 1.5 mg/ (kg-d).

3 HEREWE

WF9E X 45 KA 4 Cr W R HKAE# S5O0 1.

3.1 $HEH XA Ak kKR EE4FE

301 K RAE HER 1AL B XHEBOK (P11~ P4) G2 UE/K (S5~S7) FIFA 2R K (Gl ~G6) FHEY
Frp Ca Vi fie e, FLUCR Na il Mg™ . ¥R )2 Hb T /KBRS v HCOS W B S, i HEIOK R k7K SO i 46
SRS BFE X F e B b e , HEOK F38 B8k 3588 1 (5K S8 A HEOhR HE) (GB 978 — 1996) RIS i) — b
FRAE 10 mg/L o = ZARAERRE 20 mg/L, 3% J2 1T 7K S8k (i T oK B iz v ) (GB/T 14848— 1993 ) gk
WS = 2R UERRAY 1 me/L, T8 b A0 TR R R rh 2 £y U A0 25 & R W R B ™ 3o A
XA AL BT R AR Y AL DL T 10 AS | IR A W B3 3% S5 A2 3 A A 00 1 3R KRR 2
Tk Heok B KRR K pH A 4050k 4.67 ~7.38 4.52~8.66 Fl1 5.75 ~ 6.68, B AIHERUK fis &
K pH (85 BB, S56 BF AMJR A ORI T H 3 B& &R S B 5 20 A S L s AR B R R,
X E R AL A R K, BUE B R B HEBOK PLUBT EK AR HEHUK P2 RINTTBIEK S5 2 5565
P VR AR R R IRV EVRIR ), B 55 B e A R A el R B T B H, 30 K IR K P4 3
JRBIEAK 86 KINESZAR HBUK ST 2MRYE. WK 1 i1 F 1 3 FZEAK IR pe {HFE 2.20~6.66 5 3,
TR IBIAL T2 AR B A K.
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Tab.1 Distribution of chromium content and characteristic parameters at each sampling site

CDI

SRR R (FER) Nat  K* Mg*™ Ca®™* F-  CI° NO; SO NO; HCO; Cr pH Eh pe
PLOE FEHERUK) 17.30 18.67 12.80 173.14 26.90 53.9 5.45 1297.78 38.44 32.89 3.58 7.38 228 3.86
P2( ka3 HERRAK)  32.50 15.94 7.79 172.76 55.62 43.2 4.49 1283.91 42.98 48.47 1.45 7.23 256 4.34
P3(RVEHEAK F) 17.20 16.12 9.89 138.94 28.47 41.7 4.32 1237.71 43.55 29.49 0.88 6.88 276 4.68
P4 (A K BEIK) 18.20 26.58 12.30 122.71 12.74 26.3 2.03 1006.93 43.56 74.88 0.56 4.67 339 5.75
S5(MTBUYEK) 31.80 31.22 6.10 224.94 26.57 64.4 6.48 1600.55 113.68 127.50 0.78 8.66 130 2.20
S6(HUKBIEIK) 34.20 20.49 4.07 171.3419.32 83.1 521 132233 49.4 16.87 1.01 4.97 371 6.29
ST(HURARHEZFIK)  36.00 19.97 5.32 172.51 17.93 83.2 5.43 1317.21 76.96 14.43 2.05 4.52 393 6.66
G1(HK) 877 537 087 12.14 142 153 277 1440 12,52 32.64 1.52 5.75 389 6.59
G2(JE5ItK) 9.26 6.81 1.27 12,56 1.05 15 232 10.29 14.02 28.56 0.68 5.81 367 6.22
G3 (1K) 8.88 556 1.23 11.50 1.02 17.8 2.68 930 13.40 33.84 1.20 6.68 229 3.88
G4(JE3EIK) 9.23 7.74 1.07 1238 3.74 157 220 11.54 13.51 32.19 1.65 6.08 274 4.64
G5(I7K) 9.93 6.32 1.00 13.70 33.33 16.4 2.19 11.94 14.59 29.92 1.38 6.47 275 4.66
GO (11 5#7K) 9.75 6.43 137 1252 1.40 151 251 922 13.63 3331 1.17 6.28 280 4.75

# Na® K" Mg™ .Ca® \F~ .CI” \NO; SO} \NO3 \HCO3 W BE R 2 mg/L, Cr #e B S0 /L, Eh B4 mV; Eh Sy % 4L
AL s pe S HLTR .
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A RAE A Cr K 3R 100% , (¥ BE R/INAS—  HEBOK 38 U8 7K A 3218 2 1R 7K Cr ¥ B Y 16 430 R
0.56~3.58.0.78 ~2.05 F1 0.68 ~ 1.65 wg/L,FE¥{E A 1.62.1.28 Tl 1.26 pg/L. /2T 7k o Cr Ve BERE AL THE
HOKFRE BEK , Ho A PEHEROK P1 o Cr AR R, i85 3.58 we/L, Zad /K A B b B HERK Cr ¥
JE AR, X DR R0 JH 10 v 2 H /K A 2Kk i Cr T BB 11 TR 07 8, R AT Rk 2595 13 S50 FH
HILTG RG22 A 98 B8 K, SR T HERIOK AIIB 8K Hp Cr S 4237 . F 18 SR F AT RS 10 AR 2 T 7k . T i
B AT WAL I8 S50 B 20 Cr (R, VRIS IR MBI UK Cr W B w5 THITI0B 3gK. #1 R kP Cr i
Ji§ S L 2 B R A B S BT A G4 SRR IS, Cr eI IRe s, HoUOh GL SRBES, TTREIN N G A
A H A S ML Cr AT — R (W B L TG G ISR T G4. G2 LI R 7 P B vk JEE B e 1,
BT G2 AL THE R K WX B, 52 R0 B S /s, ELZE AR 2 6 5k . R R T8 s & B A
B, M M TE T 4R . (5K A HERPRE) (GB 8978 — 1996) #LAE , 4. Cr e J¥ 5 i85 Fo i/ b viE

N 1.5 mg/L, Cr (VD) & BE 5 o Fu VR HECRR 1 0.5 o i Tk
mg/L, YWIHEHOK H Cr e B B R AR 5 305 T 57 1A= oK

aBuEK

LA IR R RHEND) (5 U BEAE , K
B Cr PN T 2 pe/L, MR JZHL B K Cr %
AR ARIE(E 5 BB UE K TCAR SCARHE R (B, 2 (3
FOKINIE R R i) (GB 3838 —2002) 1 VI i Cr

e FE— R FHAK BRI 0.1 mg/L, W18 06Kk o Cr 9 M ﬁ’
E—;ﬁﬁ% 80 80
SRR T 91 v e P LK MK A 252 R 343 60 60

2, IR Aquachem BFF2 ] Piper =28 [&1, RPN 40
[FRAE G BOK A2 thIE 2 AT 2R KRS 20

20
T TR T A VAVAVAVAN /V%/\

80 60 40 20 20 40 60 80
T Kb 2% G S Ca-Na-HCO, - C1-SO, %7K Ca Na HCO, cl
A4 Ca-Na-HCO, - Cl K. i F4: 7= B R B 2 KAL) Piper =428

BLIRATE A A0 ELAE K oI T KA1 R, HE i Fig.2 Piper Il diagram of water chemical composition
K BUE KAL)y Ca-SO, BUK.

3.1.2 Pearson 48 % M 247 SR JH SPSS 18.0 Geit Mk A%t T P Jil il AK AR & Ak S 4 Z [R] AT Pearson A
FoHT. THERAE O R AN R 2~ 4 IR,

T8 b B TR A AH SO T LA B 15 Yok TR R AR AR AN AR B8 T (R A AE 1 3w b S A OGPk, 1 T dx
JCH ] REEA IR C R o A5 Y M R BOAZ T 1, 4 L4 ) PR PR R 3R 2 ml 0, Mo T /K B BH 5
Fl] Ca® 55 F7£ 0.01 /K 1 @M, A5 R E0000 2k 0.850, Ui Wt T /K Ca™ 5 F HA7 [a) P JLuk,
Mg™ 1 SO5™ (K" 1 NO, 7E 0.05 LA LR 381G, A1 OC 3 8053 5 4y - 0.948 F1-0.832, W4 1 TR WA —
SE G ; Cr 545 B FIRAR DGR A 3, 20 R R IL R K A 1 Cr WeBE, Cr 5 Mg™ RUAR C R BUR Kl
-0.675, HISE R BUNLAHE R T 0.6, 7E—E B L2 756 15 Ca™ IHISE R BUR/N, EITHIL.

13 3 AN, HERIOK B BH 5 45 20 43 () AN A7 AL W35 AH DG PE , 3R W B 2270 IR R 52 Kk 44 v 2B [T B 5
FUSE , BB T rh SO A NOL7E 0.01 7K [ 554156, Ui SOT T NO, A7 AR 5] (9 Hl O R L0 1k 2
Jii ;7K e Cr 55 NOSTE 0.05 /K- |5 g 35 GG, AHOC R B -0.985, 5 Na® (K™ F A G R B 48 XHE /N T
0.3, L5 A CHE.

F12E 4 010, BB K BT FH B 1] Ca™ (K™ 435315 SOT \CIT (HCO; BI7E 0.05 /KF [ i35 AH G, BERTB 8K
i Ca™ KBk IE 5 SOT \CI (HCO, BAT B U1 R , Al R IR F /KA ™ A0 I A B8 550 2B A IR DL R 1l
FFR S5 BB B 45 K eh Cr 5 Na™ (FT I HISE R B0 5 0.907 . -0.748, i S AR G, 5 Mg™ \NO;
EREEV P

R PSR R b % B BB T4 — e R L RRAE S M Cr (¥R B2, HLAR R 27K R o 45 25 7 41 43 ] LA
Fe Y5 Cr AR ICHEANR] , 5200 A2 B AN ).
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Tab.2 Correlation coefficients among chemical parameters of groundwater

Cr Na* K* Mg?*  Ca®* F- cl- NO5;  SO3  NO; HCO;  pH pe

Cr 1

Na* -0.104 1

K* 0.038  0.378 1

Mg>*  -0.675 0279 0.222 1

Ca®* 0.023  0.835* 0.314 -0.210 1

F- 0.215 0.670  0.030 -0.376 0.850* 1

cl- 0.168 -0.193 -0.364 -0.025 -0.295 0.226 1

NO; 0.026 -0.667 -0.832* -0.065 -0.715 -0.547 0.177 1

S0y 0.561 -0.289 -0.207 -0.948** 0.211  0.224 -0.271 0.126 1

NO; -0.368 0.808 0.422 0315 0.734 0.694 0.103 -0.797 -0.416 1

HCO;  0.502 -0.358 -0.359 0.061 -0.650 -0.425 0.368 0.642 -0.124 -0.636 1

pH 0.095 0.315 -0.178 0.297 -0.004 0.379 0.828*-0.042 -0.557 0.401 0.375 1
pe  -0.219 -0.300 -0.141 -0.360 0.073 -0.233 -0.726 0.200 0.612 -0.361 -0.438 -0.925* 1

s 7E 0.05 K- (RUM) F 8 F S o 45 0.00 AKF-(RUM) b 8 F M. pe Syl THEHE.
R 3 HEBUKORAE = SR R B

Tab.3 Correlation coefficients among chemical parameters of tailing discharge

Cr Na* K* Mg*  Ca* F- cr- NO; S03  NO; HCO; pH pe

Cr 1
Na* -0.112 1
K* -0.296 -0.398 1
Mgt 0.372 -0.820 0.654 1
Ca®* 0.765 0.517 -0.675 -0.299 1
F- 0.123  0.893 -0.764 -0.863 0.732 1
Cl™ 0.963 0.062 -0.733 -0.043 0.861 0.439 1
NO; 0.780 0.138 -0.826 -0.178 0.861 0.530 0.989* 1
S02” 0.641 0.326 -0.921 -0.401 0.875 0.700 0.931 0.973* 1
NO;  -0.985* 0.252 0.145 -0.528 -0.645 0.048 -0.779 -0.678 -0.508 1
HCO; -0.528 0.126 0.848 0.173 -0.547 -0.334 -0.851 -0.890 -0.866  0.445 1
pH 0.632  0.309 -0.926 -0.400 0.862 0.689 0.930 0.973* 1.000*-0.501 -0.879 1
pe -0.820 -0.214 0.876 0.176 -0.919 -0.569 -0.988* —-0.991** -0.965* 0.716 0.820 -0.961"* 1

# 7E 0.05 7K (R | ARG 5+ 78 0.01 K OB |- 2 A, pe AHL TG,

3.2 Cr MFRERITE
3.2.1 Cr MAMA SRR K28, A SO PHREEQC ALK IR b Cr IRAFHE A&, HLAS
ALK 3.

M 3 0 iR X R A EZLL Ce( D) FAE. Horh, RZECRAE AL Cr( D) WA 3K figg
74y Cr(OH) ™ 5 Cr(OH) ;5 £ ;P4 .86 ST A s Cr( ) MRAFTE B R ok, LA CrF™ Sy .

FRAERL Cr BIRAPIE S S 25K IR AL ESHOR —BOA 6. 45638 1 T, Bk 25 R R0 4R A
s pH (EE Y, 2 pH SEFRYERS, LIFRS S O it Cr( D) 255420 1, B pH (R , 2% 4 15 T ) K A 17
BHHAL K Cr(OH) ™ [ Cr(OH) 5 & i3, bt OH™ HE— L4, T JE A Cr( OH) , UL3E. M4 3E 2~4 7]
WL Cr B TS FRA—E MR, HAHRHOK P4 208K S6 Al ST RAE AL M 20 , pH itk , ik A%
E) CrF R L T2 M T K S5 HARAE 2 pH 2 A SSTR S/, 2 55 R — 5 B b , ) LUK i 7= e .
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Tab.4 Correlation coefficients among chemical parameters of tailing percolation

Cr Na* K* Mg*  Ca®* F- cl- NO; S03 NO; HCO; pH pe

Cr 1
Na* 0.907 1
K* -0.671 -0.921 1
Mg** -0.038 -0.456 0.766 1
Ca** -0.625 -0.896 0.998* 0.804 1
F- -0.748 -0.958 0.994 0.692 0986 1
Cl 0.643  0.906 -0.999*-0.789 -1.000* -0.989 1
NO; -0.507 -0.823 0.979 0.881 0.990 0.951 -0.986 1
SOy -0.652 -0.911 1.000* 0.780 0.999* 0.991 -1.000* 0.984 1
NO; -0.250 -0.635 0.886 0.977 0912 0.830 -0.902 0.961 0.897 1
HCO; -0.654 -0.912 1.000* 0.780 0.999* 0.991 -1.000" 0.984 1.000* 0.896 1
pH -0.713 -0.942  0.998* 0.728 0.993  0.999*-0.996 0.996 0.997 0.857 0.977 1
pe 0.696  0.934 -0.999* -0.744 -0.996 -0.977" 0.998*-0.972 -0.998* -0.870 -0.998* -1.000" 1

* 7E 0.05 7K OB b i A s #+ 72 0.01 7KF (XU E 2 AHSE. pe Jy i 736 2.

322 Cr REFAZ M KIKKRBE XA 100,
RIS A 2 2 Cr IRAEIE A ) S S P 3R AR S
HBAR & RAE S pH A pe (8, HA AL 15> K S
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