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Abstract The rapid and efficient adsorption of heavy metal Cr by Chlorella pyrenoidosa is combined with X-ray
fluorescence (XRF) spectroscopy technology for rapid detection of heavy metals in the field. Rapid detection of heavy
metal Cr in water is realized by XRF spectroscopy technology. The research shows that Chlorella pyrenoidosa can achieve

high-efficient and stable adsorption for heavy metal Cr within 5

min, and the optimal pH value range of adsorption reaction
is 6-8. The optimal mass concentration of Chlorella pyrenoidosa is 100 mg+1.~". Under the optimal adsorption reaction
condition, the rapid enrichment of heavy metal Cr in water by Chlorella pyrenoidosa is achieved by suction filtration—
membrane enrichment, and then XRF spectrometry measurement is performed. When the enrichment volume of the
reaction solution is 10 mL, and the XRF signal accumulation time is 2 min, there is a positive linear relationship between

the net integral fluorescence intensity of the Ka characteristic spectral peak of heavy metal Cr and the concentration of Cr in
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water to be tested, and the correlation coefficient R is 0. 9967. The detection limit of the method for heavy metal Cr in

1

water is 0.0299 mg-L~", which is significantly lower than the standard limit of 0.05 mg-L™" of Cr in Class [ water
stipulated in Environmental Quality Standards for Surface Water (GB 3838—2002). This method is used to test the

recovery of water samples from the Kuanghe River in Hefei City, Anhui Province. The recovery rate of heavy metal Cr

ranges from 90.00% to 101.24%, and the precision of 10 repeated measurements ranges from 1.59% to 2.66%.

Therefore, the accurate detection of heavy metal Cr in actual water can be realized by the enrichment of Chlorella

pyrenoidosa and XRF spectrometry.

Key words spectroscopy; heavy metal; X-ray fluorescence; chromium; rapid detection; algal enrichment
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pyrenoidosa at different reaction time
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Fig. 3 Activity of Chlorella pyrenoidosa. (a) Relationship between temperature and activity of Chlorella pyrenoidosa; (b) effect of

activity of Chlorella pyrenoidosa on adsorption of heavy metal Cr

3.1.4 HmpREHREMLT

HE A% /N BR AR S — Tl A U W BEE 5R), JFL 8 400 L 1Y
FHEAE — B LYo 7 W B R 5 o 4 s i 45
2 T I S A 1 R 1A% /0N BR 9 A0 L )
Cig

T E R AN R KRR G R Crid AR
R AR Y S A A A S A R e B AR T
WFIE T 24 2 R T B R /N BR O Y BT Uk EE 43 )
10.50,100, 300,500 mg-L "#} , HXF 0.1 mg-L ' Al
0.0125 mg-L "H 4 J& Cr (4 1 FR 250 56 I i 40 if A= 4 1
WS AL LA, 45 SR &l 4 TR .

5% 2 W, 26 (A% /N ER BT K 1R FE 4 T8 Cre Ay Wi Bf
A0 /IS B T AR ) 0 S ST PSR Y e T
Fa B A R B >4 S R P AR A% /DN BR O Y JoT o vk
M 10 mg-L~" H4 m #] 50 mg-L' B oo HOXE
0.0125 mg-L " & 4 J& Cr iy W Fff %% = I 55.5%
(44.67% )3 #) 80. 55% ( +4.97% ) , W bl &5 % 3%
BT 45.14% s Hoxd 0.1 mg-L "8 4 J& Cr 1Y W B 20 %

100F
&
5 80}
=1
g
Q
£ 60f
<5}
R
=
=]
<
< 20r —=—Cr, 0.1 mg-L"!
—e—Cr, 0.0125 mg-L"!

0 100 200 300 400 500
Chlorella pyrenoidosa mass concentration /(mg- L")
B4 ORTRVER PR/ N ER B 0T ik 8 R T 4 Jm Cr (IR BRI
Fig. 4 Adsorption efficiencies of heavy metal Cr under different

mass concentrations of Chlorella pyrenoidosa

M 74.28% (+£2.57%) Bahn %] 87.3% (+1.95% ) , W
BN ZCRIG N T 17.53%0 o 8 A% /N BRI Y 5T i vk i
M50 mgeL ' H hm ) 500 mgeL' R . HoX
0.0125 mg-L " & 4 J& Cr i W M % & M 80.55%
(+£4.97%) B F] 85. 41% (+8.54% ) , W& B 3 AL

2430004-4



BT 6.03% ; Hoxf 0.1 mg-L " 4 J@ Cr /Y W Fff 2%
KM 7. 3% (£1.95% )M fn#] 96. 2% (+2.16% ), W%
BRF 2 R A B N T 10,1990 £ 1, 214 98 40 i i) R
e BE K F 50 mg- L, o a MR RE () 4k 4k 1 KOO R &
335 v R % /N ER G 4 JE Cr (W B 50K R
% B R AR /N BR P RE AR 8 S LK IR £ R Cr 1 = &L
W B A, SCRE W R /D 3 A0 M X — A ) O 5 A4
i 2 100 mg- Lt Sk W B s Iz W HP e A 7Y 9 A0 i
R .

DL 5 26 BT, W B 2 R B ) SR 5 min B B2 R
W opH {H b 6~8. KV h OB A0 M R Uk RN
100 mg- L~ 8 [ /NER X KR & & 8 Cr s s
AR T B A R AT S5 iy 25
3.2 EABNMKEETES A XRF FXiE Tl = 8Kk EK

ELECrEERN

TE 3 S5 AR W B S 25 R, 2R I 100 mg/L &R H
¥ /N ER B8 53 36 B B vk B O 0.01.0.05.,0.1,0. 15,
0.2.0.3.0.4.0.6.0.8.1.0 mg/L 1Y & 4 J& Cr A ik
A7 W B, A6 KW 5 min J& BR 10 mL 52 87 9% 2F 47 4l o &
A5, LIS R /N ER B X AS ) o A vk % T 42 A Cr B W
B8R an & 5 BT R o BF9E BT, 100 mg/L 2 A%/ ek
#XF0.05~1 mg-L ' 5 & J& Cr (9 W B 250 % 4B 1
90% LA b H W CN #2530 , B A2 /N BR e X [R] — o ik
4 JE Cr (W% B ik R EL A AR i A e e M AF 6 s o i
2% (RSD)H}0.05%~0.93%,

\
LLOMMDMUBOMBNiIiOiI

o NN

N
N

Adsorption efficiency /%

'
=)

N

5 A R /N BRI X S [5) 57 5 ¥R 3 o 4 J Cr 18 W 175 20
Fig. 5 Adsorption of Chlorella pyrenoidosa to different

concentrations of heavy metal Cr

100 mg/1. 28 F1 4% 71N BR 358 X400 4 JoT £ vk B2 93 0l R
0.05.0.1,0.15.0.2.0.3.0.4.0.6,0.8.1.0 mg/L [
LR Crif T4, IR £ )5 E SR Crfl il A ik
17 XRF G35 &, Sk 5 s 4 558 10 mL & 44
X3k B A2 R 1. 56 cm 28 A5 5 BALE[E] R 2 min B,
A B AL S h #4428 Crid Ka(5. 41 ke V) BR1F 3
WE 6~ ATLLVE M, EAJE Cr it Ko FRAE 5 15 5 5
Wi, HE &8 CranfER W Cr 9] 46 BT &t Wk B2
RN B RE Y Cr Ko B F 15 06 5 J35 Bk K

Ph5.28~5.55 keV fig i i Bl N 8 42 J& Cr Ka FE1E

% 42% F 24 H1/2022 £ 12 B/RFFR

Cr (Ka: 5.41 keV)
150 F Cr mass
concentration /(mg- L
2
g 120}
Q
L2
>
Z 90f
=1
B
»5 60 F
30

5.20 5.30 5.40 5.50 5.60
Energy /keV

K16 AN Im) i vk 4 Cr 8 1R/ B 4R )R 1 R 1E
XRF i
Fig. 6 Characteristic ~ XRF

concentrations of heavy metal Cr enriched by Chlorella

spectra  of different mass

pyrenoidosa

T () A OGS E 5 R N R 48 Cr Wl ih
Jo v B AT RS A IR T RTR . W LLE B,
MoK R 4 & Cr i) i B 4 0. 05~1. 0 mg/L
BN, 48 Cr Ko RRAE 3% 16 1) 15 FR 4356 e ik B (F)
55 N 4 R Cr 046 T R (C) A JE# 4F
Bk PE 6 &R, LMk 7 oy F=2355. 2C—25. 319, &k
MR RER N 0.9967, X AFAEER Crigss A
BRI AT IR IE B 2 R R E AR AT
X% as AR UE AT 10 Wk XRF G &, 8 4 )% Cr
Ko $R1F 15 W6 T 76 19 5. 28~5. 55 ke V fE & 31 [l 2 14
G IR JE B AR UE AR 22 R 23. 46, AR IR AT FR (o0n) BY 3T
BN pon=23-S,/a(S, k25 FARE i 22 Y it 19 4 U
2 a HRHEI 2 ALK ) i T KR 48 Cr i)
K B R 0. 0299 mg- L1 1% F & [ M 3% 7K 38 858 o 1
FrifE (GB 3838—2002) ) H B s 19 11 287K H Cr 19 5 1
FRAE 0.05 mg-L ', A % U7 v fig 08 0 & T M & /K
11 28 K Lk b 2 ALK R b 5 4 8 Cr 14 0 4G T 225K
3.3 EERAKEFCrHE=HKRN

h T — BT R EAZNREEES

2500

& Cr (Ko: 5.41 keV)
2000 | —— linear fitting

—
(o)l
(=3
S
T

—_
(=
(=3
S
T

y=2355.20-25.319
R?=0.9967

Intensity /counts

(V1]

(=3

S
T

S
T

0 0.2 0.4 0.6 0.8 1.0
Cr mass concentration /(mg- L")
7 Criy Ko FEAF 35 2 B4 90 5 B BB Cr B ¥R 3 A8 A 1 A%
eSS
Fig. 7 Calibration curve of Ka characteristic line integral

fluorescence intensity of Cr versus Cr mass concentration

2430004-5



% 42% F 24 H1/2022 £ 12 B/RFFR

XRF il i 4125 G 19 7 e A 38 F T SE bk BE 4
J& Cr 2 R, SR 4 22 8048 6 M0 T 2 0T I 5 00 77 %
2 1A ) T K AR 28 S 56 2 3k U8 2 B 2% T S HE TR )
Jei R F AR T I A3 1) SEBR K BE (SEFR K BE TR 4 @ Cr il
HEVWREE R 0.0007 mg/L) a5l im A —E N ESE Cr
i o V5 TR, (A5 KRR v B 4 R Cr 10 5 08 3k BE 40 1) o
0.03.0.04.,0.05,0.1.0.15.0. 25 mg/L, 3% J [a] £ W Bt
S A R E R L PR KA E AR Cr i &

(@
500 F
Fe (Ka: 6.40 keV) i
L dd 025 mg-L"! Cr element solution
2 400 j add 0.15mgL Cr
5 \I dd 0.10 mgL’
5 " add 0.05 mg'L™ Cr
£ 300f 2dd 0.04 mg-L™! Cr
g [ \ 244 003 mg'L™ Cr element solution
2 |
5 200F Mn (Kaz: 5.90 keV) ,‘ ; surface water
= N
= /|| [Fe (KB: 7.06 keV)
100 Cr (Ka: 541 keV) || | |
“
"SAVRAWI
ol T S S

4 5 6 7 8 9 10
Energy /keV

£ I R B AR HEA T XRE Gl &, N [W 40 ih
Jorf VAR 1) T 4 JE Cr /KRR I 1 19 XRE D63 4n &l 8(a)
fime MTUEN EEAG/NRESEE, REHEEE
Cr 1) Ka 7% U6 {7 B Ab () 45 1F 06 560 i 25 i S B /K A+ Cr
4 T R () A Ak T AR Ak i E 457 B Ak 1 i U i
A LA RS, REUE 8(a)Hh E 4 & Crif Ka
FRAE 35 1 , an & 8(b) i , i) & HY SEPR K B B 42 )8 Cr
B H0) B T e R A g, Cor P AR A A

(b) 80 — surface water
451 S add 0.03 mg-L-' Cr element solution
- - add 0.04 mg-L! Cr element solution
70F ~ -+ add 0.05 mg-L! Cr element solution
i) 65F — - add 0.10 mg-L"! Cr element solution
g — - add 0.15 mg-L' Cr element solution
2 60F ~-~ add 0.25 mg-L Cr element solution
£ Cr (Ka: 5.41 keV)
=51
‘@ b0f
S -
845 - =~
40r
35 i 2.2 DT N i
0  FT SR

5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.55 5.60 5.65
Energy /keV

P8 MK KRR AR [ SE 58 v XRE ek A2 S 0L o (a) EEREL 5 (b) CriY KoK fiE 5Lk

Fig. 8 Variation of XRF spectra in surface water sample addition and recovery experiment. (a) Main spectral lines; (b) Ka characteristic
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Table 1 Test results of standard addition and recovery of actual surface water samples

Initial mass

Mass concentration of

Mass concentration

Sample concentration / surface water / detected by XRF / XRF recovery /% XRF RSD /%
(mg-L ") (mg-L ") (mg-L ")
1 0.03 0.0302 100. 67 2.28
2 0.04 0. 0391 97.75 1.86
3 0.05 0.045 90. 00 1.91
4 0.10 0007 0.097 97.00 1.59
5 0.15 0. 1488 99. 20 2.66
6 0.25 0.2531 101. 24 2.24
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