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HWE  AXIA B ZARE (H 680-2013) ¥l 77 ik, KA ARG R IH fRAES:, BURT 9% 0 R M 8 L3 fa it vty
Bhl, B R —RIE RO DI AFEY R GSS—16, GSS—17, GSS-23 5 & M 4k FHL A L% IR ILAR AR
éfzi’]i&%‘ﬁ% At 13 AR AT AR AT L e B SRR B AL 45 R Aol TR R B AR E A SR R AE R
Fett, VARER — BEBR — BRBR (ARARMH 1:3:2) Z BRIk £ O 7H Ak, o AT 0.5 h, BALERET R % 2.0 h, L9 JR
FHREA 0.1~10.0 pg/LEE AL X £ BRI, ZMHAX ZAH KT 0.999, % H R A 0.008 mg/ kg, ¥ F kA 0.024
mg/ kg, M F 45 R Aa 3T AR EAR £ A 2.07%~3.84%(n=12), ¥ S hefR DI A 101%~119%, ZH F %2 B X —% L
SR AT R B AE A T S, S A TR SR £ A B BRI AR PR R AL e M T, R T AL AR
72~84 A dh T Fil F AR PR ARG T E K

KEBIE R Ehk; 3R ARY; R R R R SRR,

FESYES: 0657.3 XEAARIRAED: A XEHES: 1008-6145(2020)06-0061-06

Determination of bismuth in soil and sediment by atomic fluorescence spectrometry
ZHOU Zikai'?, BAO Yifan’, YE Changlin’
(1. School of Resources Environmental & Chemical Engineering, Nanchang University, Nanchang 330031, China;
2. Taizhou TaiHuan Environmental Detection Technology Co., Ltd., Taizhou 318020, China)

Abstract In order to improve the existing national standard test method (HJ 680-2013), the samples were digested
by water bath method, and the trace bismuth in soil and sediment was determined by atomic fluorescence spectrometry.
Taking the national standard materials for soil composition analysis(GSS—16, GSS—17, GSS-23) and Taizhou agricultural,
construction soil and pipeline sludge sediment samples as the test objects, the influence of 13 mixed acid digestion systems
on the determination results of trace bismuth in complex samples was discussed, and the best experimental conditions for
the determination of trace bismuth were selected. The hydrochloric acid, nitric acid and sulfuric acid(volume ratio was
1:3:2) was used as the digestion solution in the three acids system. The digestion time was 0.5 h and the total treatment
time was 2.0 h. The mass concentration of bismuth had a good linear relationship in the range of 0.1-10.0 w g/ L, the linear
correlation coefficient was more than 0.999, the detection limit was 0.008 mg / kg, the quantitative limit was 0.024 mg / kg.
The relative standard deviations of the determination results were 2.07%-3.84%(n=12), and the recoveries of the samples
were 101%—119%. This method has been verified by the national first-class standard material of soil composition analysis,
which is accurate and reliable. It has been applied to the pretreatment of agricultural, construction soil and pipeline sludge
sediment samples in the environment. 72—-84 samples can be processed in batches at a time, which can meet the demand of
high-throughput sample trace bismuth determination.

Keywords trace bismuth; soil; sediment; digestion methods; environmental monitoring; atomic fluorescence

spectrometry
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PP AR, AT E K AR ME GB 15618-2018 ( 113
W R RS Y XS B s baifE (iR17))
Fl GB 36600-2018 { - HEXASE e A1 FH 1 435
15 QRS (IRAT ) )R B R s
B NARDATE TCE, HA AN 75 RN 55 B, nT 2R
S RN N AP L e sk 7 S - s R ST
R A GE s BB IE S AN, JE 5
NAARAERE, R R I e e R S R A R

oG E TR i B SR TR
> R A BRI AR BT AR,
12 N FH R B AR T R AT, A E R e 44
AR a e R W H ATk . R R IAE i
AL BRI 7 vk A KTk B T
e KSR R EE | IX 7 3
B8] ABNINFAGEANS BBt s A AR IR I ) 5 R k]
IR, HLR B 25 555 el ik DA v R R T
FRIR K TS IRE S AR SR = R T 5 i
JRIE A —E TR

R T R OUE, SR T 5 A &
P2, DR I 7 R A0 Ak BT 20 A b A
PRAE LD R, A5 D) 2 X0 7 235 SR 3 i — 2 S ) 5[]
T I R 2%, A e 2 R T4, R HY
6802013 ( HHERPLAY oK A Al B BRI

T T / DR 26T ) M A2 i, 2 B TR]— e &

S 45 T A BRI O 25 AH 22 50K, R 2 AN 1, kLA
I E R S LU R — R
PRI BN BIFTE X 4, i 2 TR 4 43 e Ak Al 25
WGk X 3 A R TR A RS X L B E T
PR AR AR AR . 2O s T R — T A
T T S RRE S L AR B AL e T £
BRI Bty R I R 1R 2, B T A0 AT s SR HE R
. %R ER TR AU RE S BT
FEIOINE , Sy o 308 A R B P G I 1L T
{6 PR FER AT SR k.
1 IES
1.1 EENE5RKA

JE T 9O CREH: PE31 AL, b 5t E i FH A 7%
AR THAEAF]

L AN AAR « S36 A, AL RTSRAA 28 Fe AR L0y
ARAF]

F AT TR 7K 15 : DK—98-22A 7, T 7% 0

R A A PR A

2238 5 1 T R A : Jupiter—B Y, i AU fk
WA AR A BR A

H, P XL T4 48 : WGLL-230BE B, Ky ri %2
Wrrs A A B A

3BT K- . CPA225D A, JEH M 0.01 mg, FE £
FIRREAES (dbat ) BIRA T

IR AR A, & h 36% ~38%, WiV I i1k
TRHEA R AT

TSR : ol , &R 65%~68%, FiFm T
AR O A BR A 7 5

WRBR : sl &8 95%~98%, [F 254 1k
2R PR AT

LRR : AT e, AN T 40%, B 0Lk
SR BR A

HEACE: el S EA/NT 30%, bifgu g
R A BR A F 5

o R - AT A, SRR 70% ~T72%, L g BT
T AR A BR AT

IR — A S 3 AThnifEd) 5 : GBW 07430
[ GSS—16, ERVT. =AU, 8 % =N (1.44 £ 0.11)
mg/kg ], GBW 07446 [ GSS-17, N5 1 & fi 45 5
VP AL+, 85 B M (0.15 £0.02) mg / kg |, GBW
074520 GSS-23, #i VT8 G L ARG REVR TR, B 7%
oM (0.44 £ 0.03) mg/ kg |, o BB B k)
PR BR AL 2= A A5 T 5

S K A AR R LRI A KRR, O LR G 42
ZiE N EZNEP

JUT A S 56 FH B 35 45 0L 90 fge 5 ol FH i 8 A S PR
VR (1 1) 230 24 h, v BT 5 IRATR I
WOR TR A, A 2550V 2 B BRI
12 MEIEEH

JEF 78 L £ 200°C 5 KT R B KT R KT H A
40 mA ; JE AL %8 BE 8 mm ;G HL A B AR
J:280 V5 2 A, Wi s M 300 mL / min ; Bl
m, TN 600 mL / min 5 AT LT ] < 25
s 5 HEIREF(A]: 4 s 5 FRBEIR A : (25 £ 5)°C, IR )%
(55 + 5)%.
1.3 #mRkELH&

#& 4% GB 17378.3-2007 ', HJ /T 166-2004 '’
FINY /T 395-2012 "7/ 4H 5 52 R 45 3 i 4%
FARTERE b (Al HEFTH - A E A e TR A
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i), e BRI Y RNk . BRI E h b AT
Pt ( KBRZ<W), K550 ik 2 1y, — (B E- BT, 1)
T 5 VAR £ £k U 439 F T8, 3 2.0 mm(10 H )
i, B, FFI 55— AE R AR o ACIRAS TR S Tl .
LA HT 61320111 g B StEA T T B Ak 23 &
HEIE
1.4 ARz Am T

BT £ B 1 = 3 RN GO AR R O B R — )+
S8R A A AR ME W T (0.1000 + 0.000 5) g B T 25
mL B 55 1 f# 45 T, A 0.5~1.0 mL K 9%, 75
ANERTR — H IR — TRIR W W, AR M R g & T
100 COKIEH MG % 0.5~ 1 h, &f NI Ll 2b
A AR A FL S (BERE 15 min SEBh—1K ), 1 ## 52 %,
Ji, LIKE 7R 2hngk , 2501

ek R Bk oT R FE K (1) 1A

(P—P)VVs

=y <107 M
o W —— R PR CE S B, mg ke ;
P—hnifE TAE I A SRR, wg/L ;
P—aS R AR, we/L ;

Vi— A ARBL, mL ;

Vi— 3 BUAR, mL ;
V4 B 0 2 1 ) e AR R, mL
M—— IR TR, g
W HIERES P THI& i, %o
DUBRPIRE e oo 2R S i () 1A
P—-PR)WV
- ((1 — F))Mw @
Kb W——UUBRIRE PR TR i, mg / kg
P—HrifE TAERM AT B MR, pg/L ;
P—25 A B M, g /L ;
Vi——E AR, mL ;
Vi—5r AR, mL ;
V3 U 0 2 i ) 2R, mL
M—UIRYIRE TR, g
F—UTRBWIRER KR %,
2 FERMIFIL
2.1 YRR EE
PEER IR AR (B IR L SR | e AR ANt Ak
SO A, SR AR 13 RIS ARR R 7R R
30 1 h 54T, 53 328 AN [V A 2200 + 8
TR BT R A ST R 45 SR RS S5 R L 1,

W xX107°

R1 FEEBERKRER

AR / mL FAIFICE / % RSD / %(n=5) s
J¥5 SR + R + B + SRR GSS-16 GSS-17 GSS-23 GSS-16 GSS-17 GSS-23 (Sicy
+ iR + R (£7.64%)  (+133%)  (+6.82%) (£7.64%)  (£133%)  (+6.82%) Jg Y
17 3+1+0+0+0+0 79.5 90.8 715 5.01 5.54 5.41 Ry
2% 3+1+1+0+0+0 114 120 118 4.09 421 4.17 AN
37 3+1+0+1+0+0 130 125 128 522 4.84 5.80 NGy
4" 3+14+0+0+1+0 56.4 58.1 61.5 5.68 5.29 5.79 NE
57 3+140+0+0+1 81.7 89.6 82.9 4.02 4.15 3.95 oGk
6" 1+3+0+0+0+0 63.3 69.0 67.6 5.04 5.27 5.64 NG
7" 14+3+1+0+0+0 104 102 103 3.87 4.05 4.03 G
8" 14+3+0+1+0+0 70.5 64.6 68.8 5.80 5.36 5.29 AN
9* 14+3+0+0+1+0 132 127 125 5.13 491 5.32 PNaY
10" 1+3+0+0+0+1 111 118 116 4.18 4.05 4.40 AN
1n* 143+1+0+0+1 113 117 111 4.28 3.90 4.22 NG
12* 143+2-+0+0+0 97.5 101 99.8 2.92 3.28 3.06 Gk
137 1+3+3+0+0+0 106 111 108 3.45 3.52 3.40 ey il
T 1) G545 G BERE AR AEE S s AR (B RS 2 B

A T AT, 1% ~10 " HR A 7 % TR i 1A 2R 0 5
SEIRLEA AR KR R AN s SRR BT AR 2R (2
FSTTE0T) MR E RO R, T4
A 117 ~13 7%, BB 127 5 77 WA 2 I &
S SRR T R B I 12 RS R R 45

B8 R FHERR — iHR - iR (R 1:3:2)
SRR A I
22 KMk

DAERIR — MR — BilR (IRFRLE R 1:3:2) =R
TR Z AT, 53 BISR FHAK I s SR T RN Rl int
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X R S T bR R B GSS—23 AT i, 7E 1.2
A TR I, g5 5 W 2, Hk 2 nl %, K
EAE 100°C R 4355 % 0.5, 1 h B, g 45 51 (A0
S FRE I 22 5351 4 3.27% F1 3.06% , - 14 [ i 543
IR 97.5% F1 99.8% , K BHIZ 5 Ik MISCRAT A 2K,
FURS % BE 357 5 FBIRR 25 U) F5 T i 6 h DA IR
il R BESR, EURE % B ARG s Bk 3 41T A A1
T ISRy R R (UK % R A AR
#2 FEERSELRER (=5)

ik THMEREE /°C  THMERS P RSD/ A5
(BEFH /min)  fHl/h /% % HrEEY
80 1 79.3 451 KEHE
K 90 1 91.6 355 KA
o 100 1 99.8 3.06 G
100 0.5 97.5 3.27 X
160 2 155 9.46  ANEHE
H1 T 160 4 132 8.52  REHE
% 160 6 98.2 8.04 G
160 8 104 8.37 A
100(2)+150(3)+ N
180(25) 0.5 95.7 6.50 Exiis
it 120(3)+150(3)+ Ak
(e 3EN 180(3)+200(25) 0.6 101 6.59 i
150(2)+180(3)+ N
500025) 0.5 96.5 7.02 G

¢ 1) SRS AR bR TS i R (AR Bl I
AR TR R X L L3 3. 36 3 Al
HLRARR R BRI, O 7.5 b 5 BRGMIEE /KA TR

it e () 4, 358 0.5 b, (R 3k S SR IR B i T
FRAME BRI E] , BFER A 7.0 he 3 Oy A [l
PO S R SR, KT AR L, F BRI At 1
FIRE S AR 27 A% 18, B KA 100°C F
XA TIH A 0.5 he

®3 FEEMBHEERILL (1=5)

i ﬁ‘mﬂm&%& Wil HRRET RAE/ FeR/ RSD/

et/ [/h o [ /h h % %
K 05 0 2.0 97.5 327
FL A 15 6.0 0 75 982 8.04
[peES 05 5 7.0 95.7 6.50

2.3 HSAREAME LR A

R 2 B i S K B X T ER I R A SR S )
Wi RAE I IR S A N PR, — 300 B E , 5
— R A I AE o SRR AED B 3 A K RIS
KPR SLIE . FRiC S A5 B AR5 7k
FES (7KK T 5.00%), Fric X A8 00 e N
ARG AR, e S5 R L3R 40 3 4 vTA1 bR
10 S A5 K AR ALUARE it 0 245 R B4 B AR, it R
IRAT B wE AN FRRE T RSy, BEAIG T XA & v i
fiE S, B KRS I S B it R PR R
M A A A AR, LA MY A e I o o BB, i
BATE R BEZEIRT R, SO E 45 B 5 ARiC X
AR B R Al 2 25 S A T RAAIG . e mT
RESR KRR, £ S 80N E 25 5L mA , ELRE S Ab 3
AT BB s SR R 2 SR

R4 BEREKEMSTERIZM (1=5)

FE TG/ % TREAKEES Y% AR/ (mgkg!) TR ?/% RSD/%  SEEAEAEY
GSS-16 2.01 - 1.39 96.5 2.06 Py
GSS-17 1.92 - 0.161 107 3.98 P
GSS-23 2.13 - 0.429 97.5 327 P
AL 3.39 - 0.025 - 3.53 -
Al H A 2.77 - 0.011 - 3.66 -
BRI (KT ) 2.55 - 0.158 - 3.74 -
GSS-16S 8.26 +6.25 1.23 85.4 4.42 A&
GSS-17S 7.42 +5.50 0.124 82.7 4.10 Ny
GSS-23S 7.92 +5.79 0.381 86.6 427 NSy
AL S 9.04 +5.45 0.018 72.0 4.02 -
AL S 7.32 +5.55 < 0.017 - - -
FIRRIRUTRRY S 8.63 +6.08 0.096 60.8 3.85 -
BIEWRIUERY (iR ) 97.2 +94.6 0.068 43.0 5.76 -
GSS-16X 1.95 -0.06 125 86.8 3.02 PN ey
GSS-17X 1.85 -0.07 0.129 86.0 3.26 YN
GSS-23X 1.89 -0.24 0.347 78.8 3.52 G
AFHE X 2.40 -0.99 0.020 80.0 3.79 -
Al A+ X 2.17 —0.60 < 0.010" - - -
EEINETTR) X 2.36 -0.19 0.135 85.4 3.44 -

2 1) LLHI/ T 166-2004 FRif 77 WUTFEdh R HEE , 258 i 5 22 LU 2) B EAT AR IE S AR A MRG58 A it AR R it D (58
3) FUEFXIRRIE S ARHEBR IR H 7S D BRI a2 BE 52 5 4) /N HI 6802013 Jridid i BR .
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24 KM RELEER

FE 12 A3 TR T AN A shi B AT R
B e ¥ 4 0.0,0.1,1,2,4,6,8,10 wg/L #E47
E, LB BT LV B () SR AR AR ORI (v) A
YN A bR PE AT ER M TRT U, T 4 M T AR R 1 A G
R BEARERW B BRI ETE 0.0~10.0 wg/L
0 NS POt O R R A, T R
y=109.31x-7.860, F5 R H 0.9999.

¥ 1.4 )5 FAT R4 11 as RS L 7E 1.2 4%
A TAESME R AT , T 11 Ui e 25 R b of
M2z, LA 3 R b 2 %0 17 (4 T BEAVE Ry T A B
PR RR A 0.01 g/ L, 3 A4S s BR e SOkl
FBR 28 1.4 9 (1) F1(2) #5, BL A HE B A 0.008
mg / kg, ME T FRM 0.024 mg /kg.
25 WHEERE

TE B E . — W AR HEY) BT GSS-16, GSS-17 Al
GSS-23, 53 ISFATHRI 12 15y, 32 1.4 J5 b AT RE
AbFE AR 1.2 A TAES&A FIE , 25 R 5.
25 A I E 25 SR AR R AR IR 22 R 2.07% ~3.84
% , FEPIZIT T 2 B R, Wl R I 2K

£5 BEEARER

SEHIE/ RSD/

FE A ME / (mg - kg™) (ng ke %

1.39,1.38,1.45,1.43,1.44,1.40,
GSS-16 1.45,1.45,1.45,1.39,1.38,1.42 142 207

0.152,0.148,0.155,0.142,0.160,0.152,
0.155,0.146,0.162,0.151,0.158,0.145

0.426,0.432,0.435,0.456,0.451,0.441,
0.461,0.435,0.456,0.458,0.455,0.458

2.6 EH X
2.6.1 AR RN E

7 iff R B K — 9 1 bR ME ) BT GSS-16,
GSS-17, GSS-23, 4% 1.4 Jy ik A TAE S A 3, 7F 1.2
IR TAEZAE R, 45 R0 3% 6. M3 6 Al %1,3
bR A i 0 2 (34 FE AR HEAE AN B o B LN
T v B A

GSS-17 0.152 3.84

GSS-23 0.447 2.76

6 IREHBUELER mg/ kg
FRIERE G FRifE(E 72 {E
GSS-16 1.44 £0.11 1.40
GSS-17 0.15 +0.02 0.160
GSS-23 0.44 +0.03 0.431

2.6.2  JmAR EHR B
TERARREUAO F 4 SR - Fns B TR IR DR

PIRE S 4% 3 4%, 43 SN A [ e JBE 1 4 s 1 T

FiE 1.4 PR TR S A B 7E 12 AES TAE ST

MsE BRI 7, B3R 7 TR AR A AR TRy

101% ~ 119%, 15 /& BTk o
KT MIRERERIESER

R ARJEAE / b/ WEE/  BeR/

(mg-kg') (mg-kg") (mg-kg)) %
0.01 0.039 111
HFH+ 0.025 0.10 0.132 106
1.00 1.036 101
0.01 0.025 119
Al 4 0.011 0.10 0.128 115
1.00 1.033 102
e A s v 0.01 0.179 107

BB . ) .
B O ) 0.158 0.10 0.266 03
1.00 1.175 101

2.7 Fakiest

ARTT LA TR SCHR T 1% XA R L 8, 3K 8
AT, AR T VA A JEE MONS 5 FEE 24055 12 2R ORI T
SCHRAGE RT7 1k o P 7K IR Ak vk T S5 1
PEANR], BTN , 16 & T mid R s AL B

£8 AIESIBITELILER

THfie/ WfEer KBRS/ kR RSD/ HERAY
W T57% E/h  (mg-kg) /% % LD
Ig},ﬁﬁ/\ s 1.0 0.004  100~101 0.61~430 &%
ﬁﬁﬁgﬁé“ 1.0 0.009  96.0~106 1.70~7.60 &H%
Kk / 1.5 i
ICP-MS ) (HOER) 0.005  84.2~105 1.30~5.80 ajy
LR / 2 B
FES e 6~8 =2 76.9~642 2 % i
%ﬁiﬁ%é 6~8 0.060  88.8~97.1 0.85~0.96 &k
TRk / 1.0 2 N
ICP-MS M (EkTRR) 96.0~100 3.30~5.20 k&
Tk / 0.5 "N
Tk ) (AR ) 0.080  94.1~109 1.36~4.93 &%
L%-;?;%@it*” ;20 0.010  96.0~103 2.60~7.40 &%
Igﬁgfs/;m; 15 0250  93.1~103 3.90~9.60 Ak
Zﬁi%%@iﬁ) 0.5 0.008  101~109 2.53~4.06 &%

VE 1) ARBREE 5 Hh S B BRI RIR A 5 B £ 2) SClkeh gt
3 4iF

DU 5 — 90 50 3 53 A b fE 4 5T GSS-16,
GSS-17, GSS-23 5 & Al H 50 H £ Fns 1 g
VEUTRIRE S AR IR 52, SR FH K TR I A B &
FEF9O 6 2 H AU IR sk, BT
13 Fi I A T 115 AP AR 22 X R it T B I 2 5 SR 1 52
M), 5 356 15 28 AGH I R e s 5 o 1) B A S 8 . 1%
Dy 0] F T il e PR S e ATl , B R AR
TR ARG 25 B, HOK T I AN T R, I At i [
Ivi] — 1 e BV R 5 B A 2 RN Lo AT A4
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