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Health risk assessment of groundwater quality in Lhasa landfill
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(1. School of Seience , Tibet University, Lhasa, 850000, China;

2. School of Environmental Science and Engineering, Tianjin University, Tianjin, 300072, China)

Abstract: In this paper, ‘the indicators of Cr®, As, Cd, Pb, NO,-N, F°, and Cl” in the 6
monitoring wells of groundwater~in the Lhasa landfill site were evaluated through the health risk
assessment model recommended by US Environmental Protection Agency’s (USEPA) , which allows
the pollutants to.be assessed for health risks according to different populations. The results evaluation
show that the exposure dose of non-carcinogens through drinking water route and skin contact route is
generally higher than that of carcinogen exposure by exposure dose calculation; The exposure dose of
drinking water route is higher than that of skin contact route. The risk value of carcinogenic
pollutants through the drinking water route is greater than the risk value through the skin contact
route. Specifically, the risk contribution under of drinking water route is Cr**>As>Cd, and the risk
value of Cr® exceeds 1x 107" the maximum acceptable level of USEPA; In skin contact, the

contribution is Cr* >As>Cd, and the risk value of Cr** exceeds the maximum acceptable risk level of
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Swedish Environmental Protection Agency, Netherlands Construction Environmental Protection
Agency, Royal Society and IAEA; Meanwhile, as the largest contributor to non-carcinogenic risk,
the exposure of Cl™ in adults through drinking water is higher than that of maximum acceptable level
of Swedish Environmental Protection Agency (1%x107°), Netherlands Construction Environmental
Protection Agency(1x107°) , Royal Society (1x107°) and TAEA(5x107"). Finally, it is clear that
Cr® is a major carcinogen. Therefore, Cr®" in drinking water needs to be removed in order to reduce
the risk of cancer.

Keywords :landfill site, groundwater, health risk assessment, Lhasa City.

WA 7 % T 28 5 04 5 R R TiT A R ) bR, Sl T A4 355 B0 0 094 I i DR BE 488 12,2017 AR T 24
A AR T R B 35.052 T3 R i 32.366 T3, AT LA T AL B R A O O Y i AR
BURAEH KB P RIVERTT 7= A BB O s T KA AR KR A5 3 X A FEA — 52 B #2.

XIS T R BEA TR XU PP, 2 B 5 Y R A A R AR AL SR R T 7 R B 1 R X
WA SR A 22 1Y = 12 56 T 11 G2 o 5 [ B ) ke R XIS PP ¢ ASE 20 7 5 ol [ G B 2 B i 42
LA B XUR AP DU AL R« fe 6 4 R ST VP BR R ITAN U A 8 [ PRRIRI 75 1989 4EF T
AU LR, BVER IR BORIPAG FRMETPAY BRI XURLZRAE " T ok fi e XU PP 1) 32 2
TS U VAR S8 |, A XA ML B9« a0 S 25 858 A0 A AR A B A VA DL BEA T
TR PP Bk 2 A5 X R FRAR 25 4 7 S b R R F A A HLEA TR R

F T3 T 7K AR F2 BRI KOG R A N A B PRI A SOMR 5% UL A7 i /K M D 48 s i A
PRI BT ANE A LASE PR USEP A HEFE B4 B KU PRGN Ay BEAl , [ I 4 HUA = 25 O BE 5T, 37
A7 I bR L 0% T SECHE 375 ) % i AR A ) R DRGRSE. g 437 % AL 37 1 DX ) R 7K B 75 e Bl
ERIIKE S N IS

1 SEEGE A ( Experimental se¢tion)

1.1 EH A

P DA SEIR 0 TR K & 525 2 e, Je i & s FRig=m el —2 24, 5T 318
TE 7 i PO B AT R 20 41 (2001—2020) , FEAS i 110 190.28x 10 m*, H ML by 3 i 172—
411 t-d™", IR S W L 8T X B ) i B X % 3k T A i s 3. KL S R R A S LB
K HHIRK T 15 m, 5K Fead ) LT e SR AR BB R T M N KRR 10—30 m, K AT
= IR A BN AR KR N 0.114 Les™  BEBS R BRI 2y 3.5 km, PEON Y SR I o 215 MR, AN
HAR A A s PR D0 5 THG D 205 of U 32 AT AR K UK K | L DX 2 S B b 405 R i 38 /K 2
Fhg L
1.2 FESCREE KRR IR /b

MR B R W AR ) SR U T 7K 4% FE AR R AP AR DGR R 7E i U b S ik S L 6 A
WIS AT W, 4338 J1 .02 J3 . J4.05.06, 1 J1 KIHTEK, J4 B S PsE AR 4 A WIS A K K
WA BI43 50T 2017 4F 11 A 2018 4F 5 (8 JRAE 3 Wk HBURE 1 d, BRI 3 M3 R EEHE
sitr FE PR, 1 9 DX B35 ) moCo S R A7 5000 43 BT, 4 B b /K BRI W0 AR B9 ) A+ S s v b T K R
AR HR AT /K B bR i) Hh e IO 48 B , i 5 22 WO B F5 - pH M L HL 5% DO A .COD . A1
W2 FEL B Cr* CN™ FHE TR & 5 L As \Hg Se .Cd ,Pb  TDS & i F~ Cu.Zn Cl” FHEREL &
FRIRERFR AL AR L.

MR 7K T S (R A SO 7 A I IS T K WAL, 32 D8 VR vh PG (1 9 DX R A T e s W) 43
BB U EAE A5
1.3 R bR

KRB FE PR A A 5 0 (TARC) SHE2EY) 02 R 8 6 AAREUR UEHE 78 70 At AR S0 iE 4 A R
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T Zh A B TR 7250 B AL 2= o Ak 2 Bom Y, HoA o HEBUR b2+ B R 3 o, AR b R K
BAKHERTG Y, e T EEAAE0EY G As Cd FEEEUEY) Ph ASRREE F~ 17 %X 8895
P Fe BRI EBUR Y AT R XU VAL
1.4 REEPEAL
it IRV PP E B V5 el i 22 Rl 48 i AR 7 A gt R JRURS: O OR F USEPA #E#2 A9 315885
T S [ N AR AE 2200, %o U i T AR FE s R A T (R XU DA 1
141 AEEUE K
FEBUE ARE F F HT FoR R #TE " SR A,
HI=(CDI/RfD)x107°/68.2 (1)
o HI 3@ koK B Ik fidads 422 19 Al 0 XU F8 45, CDI g AR H B2 88 7l mg - (kg+d) ™' ;RID
BATERYAEBIE S H R me- (kg-d) ' ;68.2 KA A
1.4.2  BUEXE
S0 IR — i Ay ¢ B 00 KBS A, R AR R 8 1, 5 AR B0 AU SR 2R M e R 3500 AU R
FEIEW BT AN —AE h B ERAE X A5 Yo N SEAE AR, S (E Risk 88 )R A
fik57 & Risk = (CDIXSF)/68.2 (2)
5 #H Risk = [—exp(~CDIXSF) 1/68.2 (#4145 H>0.01) (3)
b, Risk Jy 208 XS, TR & 28 BT fEE ; CDT AR H 2 288 7R ,mg - (kg-d) ' SF A5 4L
Bom KT, [mg- (kg-d) "] 7 568.2 HPGRAIL Z5 .
FET R Z M | 2842 0 HE B0UE W M BUE W SR80, — MR S0 XU Fn 5o XU 43 51 Al
L
FRAE FE PR iEHF 7T LA TARC | 35 E IR EE (R 47 25 USEPA (5 T A 440 WHO (94325 R 48 FiSCiik
[2,10,19-22 ] ety i BUs WL B 1 AR BUm V) S28 Rl dn 4k 1.

R 1 AL BRI SRR T S R

Table 1 Slope factor and reference dose of chemical carcinogenic pollutants

15449 Pollutants Cr%* As Cd Pb NO3-N cl” F-
SF/[ mg- (kg-d) '] 41 15 6.1
RID/mg- (kg-d)~! 3x1073 3x 10~ 0.0014 1.6 0.1 0.06

1.4.3  ZEFEITAL
B 5 YA E AR P TS o R K R R R T R . S v 3 T A A Sk AR K R R IR i Ay
£, AR WA
(D) PO R BRREBEIE A,

CDI=(pXIRXEFXED)/(BWXAT) (4)
(2) B Bkl A2 R g8 A AR
CDI = (I x SA x EV X EF x ED)/(BW x AT x f) (5)

6 X7 xTE
I=2x107° Xk xp X /+ (6)

RPSBIUES % USEPA 44755 AR 23-26 ], W% 2.USEPA HEFA A H 40K IR 2 L-d™',
F TP X A7 T OB X AR IR 45 ) S FAROK RIS, USRS oK i 3525 mlL-d ™" Hrf g
N BW SR HIAMESE 2 5 Aot T 16 5 X s IS, Bk 67.3 kg, %k 57.2 kg,

2 R 5118 (Results and discussion)

2.1 BB F oK Hrdh )
W R KT SR AR B3R O — S H PR P rh R 55 5 e BOIR T 7K i BPR K a0 35
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FAE 15 30, 4R DL 317 SHE PR B OREF 3 UK B b 22 R RS, oy 11 TS AR PR B AR, (L
1 IR K AR

R2 MBS EAIR L 55 KRS ERUE

Table 2 Names, units, symbols and reference values of evaluation parameters

SR TR B AL i SHHUE E= PN
Name and unit of parameters Unit Reference value Reference
KAL) B B/ (mg- L) p S
Hikkg/(L-d™") A IR 3.525 [23]
T4 1.1 [25]
JLE 0.87 [25]
TR/ (d-ah) EF 365 [25]
FEFRIEMT/a kel ED 70 [26]
E[E¢] 40
1/ kg LN Bk BW 67.3 [24-25]
7tk 57.2
TR T 52
7tk 42
JL#E T 20
7tk 19
YRR )/ d Bl AT 25550 [26]
=S¢ 10950
BRI T AW/ (mge em ™K I HEE 2x(6)
BARIEAY em? A Fik SA 19400 [25]
Z 16900
HE FHE 14670
Lk 14130
JL#E Ak 8300
ZhE 8150
THVE BEBBUE/ (Red ) EV 0.3 [26]
o S R o LE A ( TE ) f 1
B R B 24 (em-hT) K 0.001
FEWE S H] /b T 1
Ve [E] /b TE 0.4
I JE 5 (e R ™ 3.14

R3IOHTFAOKBTIUR N5 R Se 1

Table 3 Statistics of monitoring results of groundwater quality

(R K BT bR i) T2 (R BT bR ) T2
Wi st 5 WemE National Quality Wi s 5 W National Quality
Monitoring items ~ Monitoring value Standard for Monitoring items ~ Monitoring value Standard for
Groundwater Class Il Groundwater Class I

S 10 & Cu 0.5 <1.0
M <3 JE Pb ND <0.01
WELFIBR g Zn 0.8 <1.0

pH 7.5 6.5—8.5 Cd ND <0.005
R 26.52 <450 Fe 0.3 <0.3
R 5.4 <250 Hg ND <0.001

ol 4.4 <250 ISUN7JE RS 230 <3.0
T £k 0.24 <20

TS mge L7 BR pH LR VMR LRTBR ST

Note: Unit;mg-L™", except pH, chroma, turbidity, smell and taste.
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TS SFUHE 7 M T K I A e BECH R K S R AR ) T2 R BRAE A A A, 25 5 3% 4 P
pH AR BRER TR AL P A B4 #AR, 1M Ph M AR £ 20770 pH {F i 2 W a7 3 SEUIHL 37 i T 7K K R i ik
P 22T g7 SRR ST MR T M R KRB, Co® A As FEARA R (B R H BB AR L 42

M 5 BRI M H A8 pH . CODer \BODS &7 4 NH3-N KM R Cr*  As TN TP,
F BRI H A bR S DR W IO 5 3R 4 MR K W ECE AT AR DG AT, SRR 6
BB IR S W Z ] () S AN S 2R DG pR b, A M R K A2 B TR IR A .

R4 TG RYRIEE R

Table 4 Test results of groundwater pollutants

— SFHE AR (bR AR BT AR ) 2
5y R Average value Exceeding National Quality
Pollutants Momtrrmg standard Standard for
umber 2 3 5 J6 rate/ % Groundwater Class Il
pH {E ( TEE4) 12 7.9633 8.6333 8.2200 8.2433 16.67 6.5—8.5
SR (pS em™) 12 337.0000 320.6667 326.3333 333.3333 0
DO 12 6.3633 6.0533 6.4800 6.4133 0
AR IR AR R L 12 1.0333 2.1000 1.5333 1.7667 16.67 <3.0
HA 12 — — — — 0 <0.5
COD 12 — — — — 0 <3.0
FERIES 12 — — — £ 0
Y4 12 — — — — 0 <0.002
Cr% 12 0.0070 0.0165 — 0.0060 0 <0.05
CN- 12 — — — — 0 <0.05
8 5 2 T T A ) 12 0.1700 0.1700 01600 0.1500 0 <0.3
As 12 0.0015 0.0058 - — 0 <0.01
Hg 12 — — - — 0 <0.001
Se 12 — ~ — — 0 <0.01
Cd 12 0.0002 — — — 0 <0.005
Pb 12 0.0160 0.0060 0.0040 0.0040 8.33 <0.01
TDS 12 164.6667 2426667 171.3333 158.6667 0 <1000
SR 12 146.3333 108.2333 106.6333 140.0000 0 <450
fiE R L 12 3.3367 0.8400 0.5933 1.7850 0 <20.0
W AHAR £ 12 — — — — 0 <1.00
F- 12 0.4500 0.9350 0.6100 0.2500 8.33 <1.0
Cu 12 — — — — 0 <1.0
Zn 12 — — — — 0 <1.0
cl- 12 6.9900 81.5000 4.9900 35.5000 0 <250
T " FoR R 25 AR T AR R B mg - L1 B pH HL 23RS
Note: “—” means that the detection result is lower than the detection limit of the method; Unit; mg- L', except pH and electrical
conductivity.
x5 HUEGSIRE R
Table 5 Landfill leachate monitoring data
s e i RN
Ttems Chroma pH COD, BOD; Suspen.ded NH;-N F(Jcourit/ Cr As TN TP
(Dilution multiple ) material (cfuL™")
aaIR Sl 616.67 738 2.01x10* 4.24x10°  440.56 726.06 7.79x10° 028 0.1 73033 16.92
HERfve B BR A 40 100 30 30 20 10000 005 0.1 40 3

T B4 mg- L BREUBE pH SERIATRBEEL.

Note: Unit; mg-L™", except chroma, pH, fecal coliform count.
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R 6 BURWS ARG b

Table 6 Correlation analysis between leachate and monitoring wells

BUEW Leachate 2 13 J5 J6
BUE 1
J2 -0.104 1
J3 -0.104 1.000 ** 1
J5 -0.104 1.000 ** 1.000 ** 1
J6 -0.104 1.000 ** 1.000 ** 1.000 ** 1

T 7E 0.01 ZKSF-COBU) B i ARG,

Note; # * Significant correlation at 0.01 level (bilateral)

2.2 BRBAIEIIELR

G TRREE VAL A (4) L (5) .(6) ,RTG JeWF- AT 25 AFFIJOK RN Rz IR 2 88 i 42 1) H 7%
FEEAE R W3 7 I 8.

(1) FERROK Z BRI A28 P Bk 2 5 45 422 T AR 350 ) 28 8 1) il 1 22 v 7 380 400 1) 3 5 1) v 1T, D)
A0 ) 2 B R B A 5 ORI AR Y T 3 o T M IR R R R AR X U 48 1 2 i A A il 75 e ) o 1
FERFEA, BAEP A H ST i R 3 PIRGE AR TS YY) C1 R B fe i, AE 48 1T KoK

=

AR N 1575049 Cd B ZRER R K, nTRE M TP A9 75 2 Cd I T 05 IRt BRAEL, o X He kA

P

(2) TEPIR IR RRER T RN B AR LB AR R EE —m TR e th T &

A B4 A R B TR T ARVER T 55 P A8 D AT T TR o 2 R AR v T DS M TR OK B R s AR
e 1 R/ U I > L

=7

TR R R BRI AR T, A ATRER 3R 5 1 /MK UG L

PN

HESHDESK

N, AT RE A i DR 2 RO I A 4 4 B Jok 3 i AROR T U, @ L3 9 1A B L I AR 2 48 1 R AR AR
%, Ji LA LHE IR 2% 5 70 et de K

RT S NBOK I (AL mg- (kg-d) ™)
Table 7 Exposure dose of drinking water for groups of population (unit:mg-(kg-d)™")

L AN Adult JLFE Children H /DA Teenager i
Pollutants Ttk Lotk Ttk Lotk Ttk Lotk Range
Male Female Male Female Male Female
Cr 5.45x107* 6.41x107* 4.52x10™* 4.76x10™ 2.20x107* 2.72x107*
HUEY) As 1.91%107* 2.25%107 1.59x107 1.67x107 7.72x107 9.56x107 43x10"°—
cd 1.05%1073 1.23x1075 8.70x107 9.16x107 4.23%107 5.24x107 6.41x107*
Pb 5.24%107* 6.16x107* 4.35x10™ 4.58x10™ 2.12x107* 2.62x107*
NO3=N  1;19x107! 1.40x107! 9.88x1072 1.04x107! 4.81x1072 5.95x1072 6.16x10™—
RBoEY 4.23%107? 4.98x1072 3.51x1072 3.70x1072 1.71x1072 2.12x1072 2.65
cl- 2.25 2.65 1.87 1.97 9.09x107" 1.13
x8 HSABEEMRBRENE (PN mg: (kg-d) ™)
Table 8 Skin exposure doses of groups of population (unit:mg-(kg-d)™")
. S Adult JLZ Children A Teenager
15 A
Pollutants Gtk Lotk itk Lotk itk Lotk Range
Male Female Male Female Male Female
Cr®* 1.57x107° 1.61x107° 2.26x107¢ 2.34x107¢ 1.54x107° 1.84x107°
HEY As 5.52x1077 5.66x10°7 7.95%1077 8.21x10°7 5.40x1077 6.44x1077 2.96x107" —
Cd  3.02x10°  3.105x10°°  4.35x10°° 4.50x10° 2.96x10~* 3.53x10°* 2.26x10°
Pb 1.51x107° 1.55x107° 2.18x107¢ 2.25%107¢ 1.48x107° 1.76x107°
NO3-N  3.44x10™* 3.52x107* 4.95x10™ 5.11x107* 3.36x107* 4.01x10™ 1.48x1076—
B0 F- 1.22x107* 1.25%x107* 1.76x10™* 1.82x107* 1.20x107* 1.43x10™* 9.67x1072
cl- 6.50x107° 6.66x107° 9.36x107° 9.67x107° 6.36x107° 7.59%1073
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2.3 fREERES AN S5

WF5E N TEAE B XURG (1.5 101 R 2 R 2 588 T S0R W A BOR P fa B XU (B N 6 9 AR 10 764 IR 3R 11
FR S A HL R 7 10 i R T 422 52 XU 7 ST R 220 W% DU 7K SF- 18 4 XU 0 9, e K42 32 KU AE 5% 1077 —1 %
107, A] 218 XUS K SEAE 13107 —1x1077.

I % O HR RN B ik 2 58 50 (I AURS: &5 5, T LU S e ROK & 28 v Cr® 1 B0 XURGS: (L 7E AN [H)
NBEP RSB AT T 2 11 S AU 9 fi R ] 232 7K. As 76 AL EE A 9 XU (AR T
& 11t USEPA S KT #2532 KU KF 11075 76 75 DA A BE i XUBS (B AXAIC T USEPA 1 ICRP $5 K1)
P2 K. Cd 7 AR L AR, b i XU (A T USEPA 1 ICRP e KR #5252 KUK 7K SF 5 76 75 /0 4F A
R XU (BB e TAEA Fe KT 3232 7K 5x 1077 ZE K g #aH Cr®  As Tl Cd Y 805 XU (B 76 AR Ta) A RE
HRA RN B S LEE ST /DA IR L, 1T LR Co® ZEAROK S 428 b 2 e KR 1) 4 @ B0 ), X 5
WA NP PG R O SR A K AR 5 4 R 45 SR A — 5L

16 Jz R B v, Cr® i XU B AR T USEPA (1x107) 1 ICRP (5x 107 ) 1 ek 1] 432 32 XU 7k
Vs As TR RR R EE IR A T 14 AU (B (SRR Ao 0 [ 5 R b2 1 2% W] K SF 11077 5 Cd 7R B K BB 85 i 42 T 11
RSB T 1T 2 7KF

RO LUIMBRERTR RS T B0 (RS AN 45

Table 9 Resulis of cancer risk assessment under oral and skin exposure routes

iz iy M Adult JL# Children HE Teenager B Total health risk
IS
Roweof o B P TR [T A L HoR
transmission Male Female Male Female Male Female Adult Children Teenager

Cré 327107 3.85x107*  2.72x107*  2.86x107*  132x107*  64x107* 7.13x107* 5.58x107* 2.96x107*
YOKRFRER As 420x107°  4.95x107°  3.49x107°  3.68x1073 1701070 2.10x107°  9.15x10™>  7.17x107°  3.80x107°
Cd 9371077 1.10x107®  7.78x1077  8.19x10777 3.78x1077  4.69x1077  2.04x107®  1.60x107®  8.47x1077
Cré* 9.45x1077  9.69x1077  1.36x107®  14Ix107° 9.25x1077  1.10x107®  1.91x107®  2.77x107®  2.03x10°®
KRR TR ER As 1.21x1077  1.24x1077 1751077 1.81x1077  1.19x1077  1.42x1077  2.46x1077  3.55x1077  2.60x1077
Cd 2701070 2.77x107°  3.89x107°  4.03x107°  2.65x107°  3.16x107°  5.48x107°  7.92x107°  5.80x107°

10 & O FE IR AR EE iR A T AR BURE B XS 45 1 45 R b AT LI AE Pb (NOS-N TEIROK 268 i 14
HIR T 22 B R AT 2K 1x10°° F UK B EE R T AEH D AE AR I T 7] 28 K B 7E K
NI L HE P KU =5 T far = EEEA LRy v] 2 7K | (ERAR 0% B B W25 (4 0] 2% K F 1x1077.
1M C17 3 3 AR 7K 22 BE AR AE N XU (LA T USEPA F1 ICRP 5 K 1] #5232 /K S5 78 L 3 A XU (B A
RTFR 1 AU TAEA (5x 107" ) ATESZ KT 5 767 A AR rb JXURS (8 A AR T 25 HE 7 ATLAA) A 5 XU
A3 7K fH R T [ B D43 1] Z 08K 1x 1077 0] WAEROK B AR T, A8 S0 fdt e XU 1 5 K i 2
Cl™ . TMITE J R 2 F& =TS, Ph \NO;-N [ CL™ il ™ 1 XU {BLTE A A HE o A0 T i 22 A1 A0 Jmg 7T 220 W 7K1
1x107%.

R 10 ZLMB R RFREE T AR BUR R KR PE 45

Table 10 Results of non-carcinogenic health risk assessment under oral and skin exposure routes

B o A Adult JL3# Children /4 Teenager SR XU Total health risk
195
Roweof s B &M B ke BB kB WA L& 0K
LR Male Female Male Female Male Female Adult Children Teenager

Ph 5.49x107°  6.45x107°  4.56x107°  4.80x107°  2.22x107°  2.74x107°  1.19x107%  9.35x107°  4.96x107°
NO3-N  1.09x107°  1.28x107°  9.06x107' 9.53x107'" 4.40x107'" 545x107'° 2.37x10™°  1.86x10™°  9.86x107'°

Pokisriate F~ 1.03x107%  1.22x107®  8.59x107°  9.04x10™°  4.18x10™°  5.17x10™°  2.25x107%  1.76x107%  9.34x10™°
cl- 5.50x1077  6.47x1077  4.57x1077  4.81x1077  2.22x1077  2.75x1077  1.20x107°  9.38x1077  4.97x1077
Pb 1.58x1071  1.62x1071 2.28x10711 2.36x107! 1.55x107M 1.85x10711 3.21x107! 4.64x107! 3.40x107!
R NO3-N  3.15x107'2  3.23x107'2  4.53x107'2  4.68x107'2  3.08x107'2 3.67x1072  6.38x107'2  9.22x1072  6.76x107'?

F- 2.98x107" 3.06x107"  4.30x107""  4.44x107"" 2.92x107MT 3.48x107'M 6.04x107'T 8.74x107' 6.40x107!!
cl- 1.59x107°  1.63x10™°  2.29x107°  2.36x107°  1.55x107°  1.85x10™°  3.22x10™°  4.65x10™°  3.41x107°
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Table 11 Maximum acceptable level and negligible level recommended by several organizations

ERMAMRIE A O R
Swedish Netherlands

[30]

R0 W B
ﬁ—(ﬁm*@ . USEPA Environmental Environmental mlﬂI%Tj}E TAEA ICRP
Standard institution . . Royal Society
Protection Protection
Bgency Bureau
RS2 AR 1x107* 1x107° 1x107 1x107° 5%x1077 5%107°
] 2wk / / 1x107 1x1077 / /

£ IAEA . [# b5 5T BE LAY ( International Atomic Energy Agency) ; ICRP: E R E S B & 4 ( International Commission on Radio-

logical Protection).

2.4 RS HT

(1) F8hn FIBRIAN 52 35

TR (14 fi R XU AN R A 45 SR A B R AR K L A B sk JUAR A 5 #5445 s Y i ok 11 A L IR
W R 1k 3 o 2 5 g At AR 7= A 1 i B A 7 0 SR AR SC RN b R K s e s st 1 R A Rk
P MloGT i B 1 15 5 IF ELAE PTG e 2 v K R ARSI AR Ak, PR LR S i
A B 25 5 K A e A 4 AN AT, (A5 B0 ) A B0 P i fas XU (D /).

(2) A E

FUEY A AR BUR A F Y Y A SRR AT E A ST SRR BOL A S % oAb
FHE W SECMN USEPA HEXESEL, XTI X AR UOK & IRE e Bk i A 1 T e iy
AT,

(3) BefEiR 2

AR i 114D SR S ARSI - B H A7 A I T3 RN DA B S5 T T 1 N R AR iR, 1 R — S R R 2.

(4) A AT U A

SCHAL A XA R IRURS: P 114 245 S R A P AR M 0 BT, DR R BB T A 312 88 S AU AR A X TS
Yty 7 e 1) XU S M, 5 M0 A D) 7 = e XL 5 i

3 %5 ( Conclusion)

(1) B R AW HEFR T Cr®  As FI Cd 18 W 0 1 R A gk Ol T A B de A v ) I 2 AR oA
(L7 378 D RO AR SR8 WP T Z2 400, DR A 0SB 348 3000 s s R e e ARG 0 3 R o

(2) SCHP XA TR R T, TEOK R AR T IR filas 72 F RS BN — e T
SRR 5 58 ) e TR IR AR 2 0 R S B v T R AR AR T I R R N i, X R UOKIE R P IR A )
ZEIG YL 1 AEDOKIEIR T 15 P 2 8 R i KNROT RS LS T D4E e IR R IR R T, %
A ZR 8 7 i KM YO LEE > T 48> B

(3) B AU B T3 G DA oK IR 42 T IRV B R T B R 42 i ads 422 1 0 RUBS AL, JHG oK 42 R XU
IR Cr® >As>Cd, Hidt Cr® WS E AR USEPA A KT 45252 K F 1x 107 78 Bz IR 3 filadk 42 T sk Ry
Cr” >As>Cd, Cr™ RS {E AL T USEPA F1 ICRP 11445 K AT 42 32 KUK (8. 3F B0k KRS 1975 4 ) C17 ek
IKFR IR T AR ST A ok, AUIRT USEPA F1 ICRP 1% fe K AT #2532 KU .

(4) T A 7 98 e JA, AR A ME TS KR 3% X, 1R /KA Ry B 2L A /K U8, 2 SR 37 X By
BIE RS AN ST W H R KK FREE | B 115 I8 PUIB TR 15 e T 7K 5 2 DR i B AG 2 1 5 38 B Bl
PRI 58, B 17K B Ay ke 7 H 5
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