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Abstract Valley type landfill is the major landfill type in southern China. Hence, it is of great
practical significance to analysis the characteristics and sources of the contaminants and assess the
health risks of groundwater in the vicinity. A case study was carried out in one of the landfills in

Changsha, 32 groundwater samples were collected from 4 sampling wells in both rainy and non-rainy
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seasons, from which BODs;, COD¢,, F, NH3-N, TN, Hg, Fe, Mn, Ni were tested. F value
comprehensive water quality evaluation method was used to evaluate water quality and analyze
groundwater pollution characteristics, while correlation analysis and principal component analysis
were used to identify the source apportionments. Last but not least, USEPA health risk assessment
model was applied to evaluate the health risk of different exposure routes. The results indicate that,
Except for F~ and Hg, the comprehensive water quality evaluation indexes are extremely unfavorable.
The order of the exceedance rate was Fe=TN>COD =Ni>Mn>NH;-N>BODs>F>Hg, and the
coefficient of variation was at a high level. In terms of pollution source analysis, the major source of
BOD;s and CODg, is leachate. The concentrations of Hg, Fe, Mn, Ni, F- and TN are affected by
natural sources and leachate. The main source of NH;-N is anthropogenic pollution. The non-
carcinogenic risk of children and adults in the study area are within the acceptable range. The health
risk in rainy season is higher compare to non-rainy season, and the health risk of children is higher
than that of adults. However, the carcinogenic risk of Ni was higher than the maximum acceptable
level (1x10™), for both children and adults. The risk of drinking water is higher than that of skin
exposure, which forms the main path to cause human health risk.

Keywords landfill, groundwater pollution, pollution characteristics, source analyze, health

risk.
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1 #ES I (Materials and methods)
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U 37 1) B R I B 40 ) g2 ZK3(551 m), ZK1(743 m), ZK4(775 m) Fl ZK2(1312 m), fi 07 A 58 5 HF /K
Tl —20. AKEEF 0.45 pum A REFLI B8 A5 i 38 )5 % B 2% T 20 e B ok P It F /KRR 78 431 36 16 500 mL
RO, 787 220000 = 4 R KRR TR A SR R AL /K 28 pH (EL<2, K AR CE T 4 °C REE VKA £
TE. LA CHE R K 0B A v )(GB/T 14848—2017) Al M1 32 /K PR35 Ji Ht b o )(GB 3838—2002) Ay T 257K
R VA A KR F6 s 1 B i 123 24, 3k O B8 o T Ml T K TIT 2 7K b o 1995 4 4 (BODs. CODg,. TN,
NH;-N, F| Fe, Mn 1 Ni) f Hg 331 9 T 4845 #E 470K 20 M, Hovb He R 2% i 8 2 [ B HoA 0 #PE
Jo 3 Bk KRR 48 B . R HL R A 45 B T B A (ICP-MS) I %E Hg. Fe. Mn. Ni % J&£, BODs Al
COD, 43 5 F . H 15 5% 1 R B 4% TR A o M0 58 1R B, NIH3-N, F T TN 34 MR 40 iR 7K 5 b v ) (GB/T
14848—2017) P HEAIE 1) 436 B 0 I e v 8. 2E B 5 DB B 28 A RE, AR B o O 25 RIS T 5%, TS
8 TR A 0 bR SR S R
1.3 R AKAKREE AT

K (b R K B AR fE ) (GB/T 14848—2017) HH Y FAEZE A /K BN T v % SR 37 0 /K 547
TARBETEN (R 1), ARIZEAARAE A R, AP 2 AR

F>+F?
pe P W

R, F FRGEE NI Hs Fow FR8 RIRAU P S B RA; F 3R BRI P43 T35 1.



8 4 Xl — B A 114y BT T 7K T G5 AR S4B A e XURS: 1F- 1 2543

F1 HWTKEEHER
Table 1 Groundwater quality grade
25 Grade i 75 Excellent K #Good B lfMedium B#Poor % 2 Fail
F F<0.80 0.80<F<2.50 2.50<F<4.25 4.25<F<7.20 F>7.20

1.4 fE R XU PE MR A

M T K P R 35 G S AROK RN B B SR R 10 2 Fh R AR AR £ B XU 1] 43 Sy g XU A
o KUK, TN NH3-N, F\ Hg. Fe Fl Mn FAESURY I, B0 2 Ni, 2R AN A LE M. R
RS2 i FE A5 | E, TR R R R 7 A T AR I 5 Nl B A 4% 1 R M 3l A A 5 TR AR 25 57, T LA AR
R o 2 B T B A TR R S PR BB B I, B DRl R B SR L AR v A O S H0E AN
(B 5 CROR TR UL 2 A 3.

R 2 BORSHOT SCSEAIR

Table 2 Model parameter meaning and value source

S8 gt LXivA JLE N E= BT
Parameter Meaning Unit Children Adult References
CW 15 YWk B mg-L™ S S S
IR B H AL Ld" 1.14 1.7 [15]
EF TR A da’ 350 350 [25]
ED T EE RS ] a 10 30 2]
BW Yk E kg 16 62.7 71
) d (AEE0E) 3650 10950 [15]
AT PP IR E]
d (v 25550 25550 [15]
SA B kA% fik i FR cm? 8000 18000 [12]
ET i kAR I [i] h-d 0.6333 0.4167 [10]
CF AN IRBUAR L-cm?® 0.001 0.001 [15]

T SIREASME.  Note: S indicates the measured value.

%3 % SF, RID Ml PC 55 %kl
Table 3 Calculated values of model SF, RfD and PC

£y B¥ SF/(mg-(kg'd)™") RfD/(mg (kg- d) )
Catogory Parameter  DOKEZ: W kR okisz i 2 PC/(cm-h™)
Route of drinking water Route of skin contact Route of drinking water Route of skin contact
F — — 0.06 0.013 0.001
NH;-N — — 0.97 0.8 0.001
™N — — 0.5 1.0? 0.001
e[ ¢
Fe — — 0.3 0.045 0.0001
Mn — — 0.046 0.00184 0.0001
Hg — — 0.0003 0.0003 0.0018
] Ni 0.84 0.84' 0.02 0.0054 0.0001
TE: —FRRTCX NS (H; 1308 UK SR SENES 2308 43 B R T AU
Note: — indicates no corresponding reference value;! is replaced by drinking water route parameter;2 represents the maximum daily
intake.

e, AT
CW x IR x EF Xx ED
BW x AT

ADD; = (2)

ADD _CWxSAxPCxETxEFxEDxCF (3)
¢ BW X AT




2544 7N 54 1t 2 41 %

HH, ADD; F/R UK A @A H ¥ 28551 &, fA07 mg-(kg-d)'; ADD, 7R Bk $% AR 28 H 1) %% 55 51
i, 07 mg-(kg-d)', PC FoR KRB 2 R AL, H em-h.

ADD
HQ= o 4
HI = HO, + HQ, (5

Kb, HQ SR KU ;s HI S ABEAE IR R R 15k PO b 22 5 i 42 T 1Y 3R 308 S XU (B ; RED Ry 4515 4
YWHSHE K&, 07 mg-(kg-d) . L4 3E B AT ORI B (USEPA) #7719 A 808 KUK 19 55 080 4, 4
HI<1 i, A0 = S0 KU 7 T 32232 0 161 P 5 24 HI>1 i, 356 B 35 08 0k A T A1 B0 i JXUS: 291,
B o
CR = ADD x SF 6)

K, CR W2 80U B {E; SF M EUEFPR R0 35 USEPA 1Y XU BE 732, B0 WU 1 fe K nl 3552
(A 1107, 24 CR & Tk — A, B AT GEAE7E— 2 M B0 XU ; 24 CR<1x107° B, DA A AE )
09 RS Bl /N T 222 i 2,

2 LEE 551G (Results and discussion)

2.1 MR KK BVE

I 37 W 2R R T 2 S 0 R K 25T G ) B 25 G K B 25 R L3R 4L K BLPE M B AE 0<F<
9.25 U [F P, P IAZK 5T 45 9 B 47 A He, FAK BT R 2240 (4.25 3047 LU 2R (7.38 # 25) ot i
U, Ni ZE AR T WA K T 2 2245 9% (8.32). B F-. Hg & Ni LIAb, HiAx s Yey 1 6 2= 1] Fn 4k i 211 Kk
Jo A S 25 S5 %, B4 G5 YR i TN>COD>Fe>Mn>BOD<s>NH;-N, H:H1 D Fe 78 JF i Z= W] (1) /K Jit
5 YR AR B R (9.25 W 22). LK T TN 45 SR v LR A DX I K A2 SIS [R) R B 14 7 e, Sl A B s g
JEPH, 5 B — 2 B T J T AT

F 4 KB LE

Table 4 Water quality evaluation results

i Period BOD; COD, TN NH;-N F Hg Fe Mn Ni
ES 8.11 8.79 8.76 7.55 7.38 0 8.05 7.58 —
IS 7.27 8.73 9.06 7.67 425 2.19 9.25 8.07 8.32
oA 7.69 8.76 8.91 7.61 5.82 1.1 8.65 7.83 —

U — For AR/ R I R S R .
Note: — indicates not tested; / indicates that the item has no calculation result; Same as below.

2.2 V5YAEE AT

T 25 A A T 2 s 300 SECH 47 b T 7K P 4505 e ) R A AR AE A 5 BT DA (L K 5 s s o)
(GB/T 14848—2017) 1 N2 /K bm i BRAGAE Ry B {H, B Hg LASE, JoAth 15 Yo W i 22 FE R 2= 1012 1 v
BE AR, &5 Y W) 45 A W B FE %l Fe=TN>COD=Ni>Mn>NH;-N>BODs>F >Hg, #& #% % 7
21.88%—84.38% = []. BODs, COD¢,. F ', Hg. Fe, Mn 1 Ni A4 %5 & W1 29 5 43501 0 35 BL(E Y 2.1,
2, 7.3.3,26, 11, 90 %, F U HIE 1 GEIL Z BB IE WA . 255 WA 5 R & T 0.36, 15
0.51—2.57 X [a] N, J& T BE A2 S5 270 A R BTHH F 28 S5 2805 T 1 A JERTZ= 1] BOD(1.07)., Hg(1.26).
Fe(1.22). Mn(2.55). Ni(1.49) FIFF Z=1] F(1.23). Hg(1.26). Fe(2.04) A& Mn(2.05), A =] A} 3 45 v 1) 725 57 &%
Bt T L KI5 Y e 2 () AR A 25 S TS, ST B JE A7 7E TR g 2 SR AVUK I 19 R SR R
M. WA BODs, F . Fe J Mn (9748 5 25022 S W, [7]—V5 Y Wy 2e A [l i 109 20 S R 40 25 55
PR G2 S B 1 75 G e 2 7 i [) R 1 5 g2,
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Table 5 Statistical analysis of pollutant concentration in different periods (mg-L™)
i} #iPeriod Siil{fStatistics  BODj COD¢, TN NH;-N F Hg Fe Mn Ni
FoME 2.45 145 0.36 0.06 0.25 0.0014 0.038 0.015 —
STPN] 18.05 63.2 3.65 1.53 45 0.09 41.43 5.96 —
- SFAE 5.82 34.76 1.58 0.49 1.59 0.02 6.46 0.69 —
ﬂj PR 4.07 16.17 0.75 0.44 1.96 0.02 13.19 1.42 —
S 0.7 0.47 0.48 0.9 1.23 1.26 2.04 2.05 —
R/ % 5 87.5 81.25 37.5 37.5 0 75 43.75 —
FoME 1.9 16.4 0.45 0.06 0.02 0.001 0.141 0.013 0.01
STON] 21.85 88.8 424 1.65 1.44 0.42 39.53 13.84 0.48
SFAE 457 35.08 2.06 0.61 0.5 0.08 7.43 1.28 0.09
E[HTES B
PR 491 19.88 1.03 0.47 0.32 0.11 9.07 3.26 0.13
S 1.07 0.57 0.5 0.76 0.65 1.26 1.22 2.55 1.49
R/ % 12.5 75 87.5 43.75 6.25 0 93.75 87.5 81.25
FoME 1.9 145 0.36 0.06 0.02 0.001 0.038 0.013 0.01
STON] 21.85 88.8 425 1.65 4.5 0.42 4143 13.84 0.48
SFAE 5.19 34.92 1.82 0.55 1.05 0.05 6.94 0.99 0.09
LZa o
PR 455 18.12 0.94 0.46 1.51 0.08 11.33 5.23 0.13
AL F S 0.88 0.52 0.51 0.83 1.44 1.64 1.63 2.57 1.49
R/ % 34.36 81.25 84.38 34.38 21.88 0 84.38 68.63 81.25
T RE 2.5 17.19 5.42 — 0.15 0.015 2.66 0.09 0.001
BUEH 264.2 2641.15 4.47 — 1.45 0.027 3.6 0.64 0.061
ﬂﬁT;J;ﬁé?@k <4 <20 <1.0 <0.5 <1.0 <0.001 <0.3 <0.1 <0.02
e PR oK T 2K R Her e BE Fypg L7
Note: The bold text is the standard value of class Il surface water; The concentration of Hg is ug-L™".
FH & 2 AT, TR ZR AR I 2R M R K CODG,.. Fe. Mn Fll F ¥k i 48 {25 53 BH i, AR5 04
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JEE T B ik ) R e 9 AR A, U BA A T Gl R A A AR A s YL YRR A bR K 2R CODe, Yk B
e TR 2R, 2 bR T 2 0 ) b R A A R A SRS M (A R 4 i DT G = T AR P K Sk T R A
HEAAR P FRB W 09 A S IR 76 T 2 400 1) o B2 10 16 hn, BRI DB W T B 2w Ak, T 2R [ K a1,
WA VE I3 98, FA0E T8 AR TP AT s F RS 5 i AR /K. AEFR 2] Fe, Mn B B2 v T 2= 40,
LM E AR TN, FTLAS A Fe.o Mn JGE BIAE KA & K 2K R EE ARk L RN = 01 ) e .
2.3 I5YIE ST

WF5E X L R 7K 5 YA AE 2 0 RN R AL 1 5, — a8 R B L2 SR IR 08 I A1 ¢, BRI AR b
K IE Yead aZ HA B AR TR BRI A SRR ) [ AE RS, R, SRR K ORI ST X M T 7K ) 32 BN 45 R
Z—, PR R AT R 165 DXl BT iy ok 1475 2 LA B IX PN — 2 Wk 1Y) - 8 75 S (B b T 7K s e g 1t 1 AT g,
MG & B ICR N YRR UEVE R 26 T /K 4 8 0 28 B VR B G ), X SR B R PR R U
5, PRIIFSE DX A b ey A 2 P05 o e R A8, iR 9 DX A e et Y >R v 2 AT Bl il
231 {5YLIRZE RS M

R T A IR K5 G SR S8 A A SR T (B 6) AN TR B4 M it — A AT R K RS e R
YR Xk A TR 2= s K RERHE E 4T KMO A1 Bartlett BR B AG 5:, 25 5 KMO>0.5, P<0.001, 454 384343
BT B AG 9 25 471 . X6F R 2 I S0 AR A B8 20 A7 R DG 43 B 0 3 18053 2 A Sk /s 4% BT[] B A DG PR 22, AN
i 3 KMO Fi1 Bartlett £k B AG 56, BRI I8 X2 L1 A HUJE B i WA (0 47 7, TR 25 0 ) e /K Rt T 7K
TR B AR, RN T G ) e AR DUAR,, 4575 Y Wik B ) 1 OCIBR M B ATR, e AN SR FH A2 s B Al i 4 7
RT3 8. A0 B34 80T 4 DA N T (F1—F4), 2358k T 87 2209 84.976%(F% 7). ki K5
FEVE NG Y R T OE A THE A 45 31 PR 7oy 206 e, e 45 SR DL 3k 8.

6 HICIESHTLE R

Table 6 Correlation analysis results

F§FRIndex BOD; COD, F NH;-N TN Hg Fe Mn Ni
BOD; 1
COD¢, 0.533* 1
F -0.32 -0.329 1
NH3N 0.282 0.051 -0.11 1
TN 0.029 -0.06 0.446 -0.36 1
Hg -0.158 -0.157 0.593* -0.213 0.369 1
Fe -0.005 -0.058 0.709%* -0.038 0.319 0.626%* 1
Mn -0.133 -0.074 0.770%* -0.017 0.261 0.780%* 0.934%* 1
Ni -0.164 -0.14 0.558* -0.239 0.124 0.664%* 0.758%* 0.787%* 1

e LR TE0.0UKT |3, *£/R7E0.05/KF | i 3. Note: ** means significant at the 0.01 level, * means significant at the 0.05
level.

R 7 TGYH TR R
Table 7 Interpretation of total variance of pollution factors
EIEFHIE(E PR T FIEA TiEHeF-Jr FIaRA
5%y Starting eigenvalues Extract the sum of squares and load Rotate squares and load

Components  FEfE( Ji 2% Fit/% FHIE(E Ji 2% Fit/% FHIEE Ji 2% Fi/%

Eigenvalue  Variance  Cumulative  Eigenvalue  Variance  Cumulative  Eigenvalue  Variance  Cumulative

1 4.168 46.312 46.312 4.168 46.312 46.312 3.788 42.088 42.088
2 1.593 17.699 64.011 1.593 17.699 64.011 1.651 18.34 60.428
3 1.214 13.486 77.497 1.214 13.486 77.497 1.211 13.46 73.888
4 0.826 9.179 86.675 0.826 9.179 86.675 1.151 12.788 86.675
5 0.446 4.958 91.634

6 0.383 4.257 95.891
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EARRHEE ST A T T A
% Starting eigenvalues Extract the sum of squares and load Rotate squares and load
Components  HFfE{E F7251% Zi1/% EEZRIE F7251% Zit% SRR F7251% Zi1/%

Eigenvalue  Variance  Cumulative  Eigenvalue  Variance  Cumulative  Eigenvalue  Variance  Cumulative

7 0.2 2.222 98.112
8 0.153 1.705 99.817
9 0.016 0.183 100

RS TN T AT

Table 8 Principal component factor load

15 FrIndex PC 1 PC2 PC3 PC 4
BOD; -0.092 0.838 0.138 0.301
COD¢, -0.053 0.888 -0.114 -0.108

F 0.725 -0.365 0.407 0.077
NH;-N -0.057 0.092 -0.196 0.949
TN 0.19 0.023 0.935 -0.214
Hg 0.791 -0.096 0.205 -0.175
Fe 0.923 0.043 0.168 0.083
Mn 0.975 -0.044 0.1 0.066
Ni 0.885 -0.068 -0.14 -0.232

F 4 PCL Y 3 B4 ff K720 91 /2 Hg. Fe, Mn. Ni M F-, #H G 2 #7715 3] Hg. Fe., Mn. Ni Fll
FAHE. Z (8] i 25 TEAH G, TAR 5 Fhoo R al REAAAE AR, it 5% 5 75 21T 7K v Hg. Fe, Mn 1 Ni [1°F
e BE X = TR R TR N TS S, RIS IO A2 T /KR T 42 i o0 2 A ME— 4 TTOR TR B B AR 1F
RIS X b Ni iy F AR S, B SRS YOKF, ZEmKRE T LT NI S TS
LR EKIE T, BT DAL Kb Ni SR JEBE T 32 18 B WY & AR 2 AN T £ 1 A7 B - TS SR (B RS .
R H AH 56 P 43 7 45 2 Mo T 7K o Hg, Fe Il Mn 2 [A] 522 1E A 56 56 &R, Fe A1 Mn B9 H S ME R B = o
0.934, FHH Fe A1 Mn 1447 [ Y5 n] GEAR W], WIF 2 X MR 7K 285 Sk I 20 4 B K A T AR LK, b
JZA DL B = B R AR R A 3, AL R T R RE R R R S A & Feo Mn TR, %
LIS H T | A T AR R 7 Tl 5 00, AR P /K B 7E 1350 mL LA b, & /K )2 FLBRAA L. 2R R F , ik
FRAE Y, A Fe. Mn B 41 76K 30T (149 XAk 31 ek 0588 70 IR V5 1 IS 5 At 1) b S 7K T 4. Hg /5 b ik
WA JC R, AHFIE R /K He 2 BRI &  BUBAR, 76 Fe. Mn 1A 8 (1) [R] i FF Rt /0 &2 19 Hg &
HRoKH. ASREME T, P AT RIRDIBRY T, ¥ 58 Rt R4 6 Ul s S e 83179
JEAEREE 3, LERF T DX B 5 5 A T U DL A A S I S 1, b R DT B 35 2 LIb I +
&, FLER AR il %, FAEsR 2L TS IEVE ] T ST bR oK, (3 F M AR T B 8Ok B, %
B F 323 [ SR IR ANS e i A L R VE . R, 26 — 32 A A0 o0 38 328232 31 ) SR R8I A0 2 ] 1 .

F RSy PC2 - # faf [H T4 BODs Al CODg,, 7E 0.05 /K | 8 54156, A Sk U5 Al GEAR A, BF¢ X
7 25 300 1) ) S 2400 B 26.53 G, A BIFSE 3R 24.9—27.0 °C F 35 B8 18 L 1) T A AR v 3 W 0 2 A i 3
FB BB W IR B 0L SE ) Y B 1 A R 56 5, B UE VR 1Y T B T G DA 2 £ R UK H BODs il
COD, [t F+ir, B IR H BODs Fl COD(, ¥ B & 4 T 7K 1) 50.9 18 #1 75.6 4%, 4 T 7K v BODs #11
COD, 11 ¥ J3 Wi 85 3¥0 3L 37 2 1) 184 A vk ok, L SF- 390 B8 o 175 5 (B, Ui B b~ 7K o BOD; I
COD, B 52 BB R W A 52 K. R, TA 5 — 32 53 BODs il COD, HY 3 2R I B IE K.

F 4> PC3 TN 9 R T 2R fr 448 5, WF 5% DX 95 U8 T AN 35 S (B VR B 40 0l 2 b R /K oh TNDIREE /Y 2.5 £%
13 A% Aol A B R it A A 25 1 K R TN 75 YB39 BT X H SR A R, AR BOK IR 5
214 b B0 RF A A 5 DX BRI R R T B BRAR S L7 DX, A DR A 25 AR5 6 24 il ) A M F B A 7 R B, TT
PAHEBR A M At AE 5 A BSE 0. T LA, 56 = F 55 TN E2Ok A TR I8l & A AT S A
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SE RS PC4 NH;-N A 2 ZE 8 N7, FEOCAE 7 M w7 NH-N -5 HAh 5 Qe MG R BIRT
0.3 2 R FUAIE, ULHAY) TR IR AT REAF7E 25 5. X N R I 3R B 37 P A 25 el DX %) ST L 22 Bt 452 5 PAT
I, (RS AE B B R P e AR B TS K RIS ) 26 R R ALY A B, V5 e Bt - S M R AR T R B A
K2, MR 7K NH3-N & bR, 1 AR 27 A0 D4 Az 1 24 b 58 08 2 el 45— 2R 81 IR IR 55l Ay 7
Az, FE B ROIR 5506 s B A HEC 25 5 S R K NH5-N T3 5. BRI, 565 U 32 A% 43 NH-N A9 R U5
HARENHBERKAR.
2.4 faFRE XS PEAY

SECHE A7 T K A R RURS: DA 485 SR AN 1] 3 B . PR R B ik 2 52 s 42 5 kS A ) L 22 A B A I 800 fik
R JRURS: 445 SR A Ak — 3, KK : Fe>Mn>F >TN>NH3-N>Hg. W Ff & 42 T 19 E 3508 XS AR R 3 JLE &
FHUN, FATEAR RS0 L EE L S AT e (0 Uk o w5, o 28 5 2 B AR IS A 52 i, 31X 5 L2
(AT R 2T BRI B R B R A OO, R] B, AR K I 48 ) AE B0 AR i3 1 B ik B 87 s 1. BT 25 [
Ho R K5 Yo AR AR SR DR 22—, X 5 X3 R 230 RN AR W9 2 400 LB A0 R N A B0 XU PR 15 31 L EE
W SR 2%, N T 2> T 2% EL 9 A 300 Ay A S50 AU, JL >R, 2 WY R 2 40 A B XU, e T
A Z= . L EE AN R AY HI 2351028 9.151x107° 1 3.481x10°%, HI ¥3/N T 1, #f kb T A A Al £ 52 705 [
M, JLEE R HI S AR 3.63 1.

45X107°F 1.0X107

g ®HQ; JLEChild o HQ; FAAdult ® HI JL#Child A HI R AAdult
40XT0°F  AHQq JLEChild v HQq M AAdult B * YHI JL#Child ® XHIJEAAdult
35X1070F . 9.0X107 " & cR, JL#Child ™ CR; SAAdult
3.0X1070F S < CRy JL#Child > CRq BLAAdults

ey X 4 |

é 2.5X10 * “ 8.0X10

©2.0X107 = .

g = 70x107*

) <

S 2

5 _ =

2 1.0X10°5F £

3 =

g ,

z 1.OX1074 [

50X107®
ofF Av ®oay Av eoay Ay Ay oLe A * A * o <« »

I ! I 1 1 1 J ! 1 1 I ]
TN NH;-N B Hg Fe Mn Rainy season Non-rainy season Y HI CR

B3 N[FHIFT AR T A A e KU
Fig.3 Human health risks in different periods and pathways
AT e A BUR P B2 Ni, SV B NGB0 XS BN S T LR, BN B B XU 2 L Y
114 4% POK AR T AT L2 B B0 XU 2415 T USEPA 7 1 i R T 232 K7 1107, HiZigie
BOE S A = T L, SR POK AR T AHEAT W R A 20 XURG: . 28 B ik 22 82 i A2 T L B AU
BB AR XU T USEPA RYHEFF /KT 1107, 2 WY B JH B 55 7 A2 >k 1) A B0 XU 1K

3 4512 (Conclusion)

(1) WFFE X 30T KK BT PPA 45 3R s, b KB A B i 3 e A BE 45, K BT S5 4 LA 22 0 32,
AR 437K BT S HhT K LA A8 9% (F R Hg). Z545 A5 % 4 : Fe=TN>COD=Ni>Mn>NH;-N>BODs>F >Hg,
TN #l Fe W47 Ky 84.38%, H: 1 CODc,. Fe. Mn I F 7 W 2= {if 5 vk B AR f I &, W] B 4535 ey 11 2

(2) 75 B VAR BT 22 BT 50 DCH T 7K e 2 05 T R [ /E FH 9 45 5%, BODs 1 COD, 19 32 2R I
B UEW; Hg. Fe, Mn, Ni, F Al TN = ZORUE [ SRUEFIS 8 NHa-N WAk 22232 A0 shem.

(3) felt BFRE AU DT 285 SR 26 B, AR B0 W 1 HQ AUEE 19 HI B 7T 4252 /K- 18 A o WU L 38 5
TN, W2 m THER 2. oW Ni 200K @5 1 E 1 AEBUE KUK 5 T USEPA #E7 1Y e R AT 4%
2K 1x107, HBUE R RN - ILE. BRI AR T | i g B AU, i T R ik 258 8 i A, SR B OK 2
o R TR B RS 1) B AR
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