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B ) 2) o] [ AR 2 ok A rp A T AE T 5 3) A0 A e Ak BRI aod A e RER ERE o AR I A 5 1) 5
g BHET, ZBWEFE ] T JE  OG RSB I E A S AR Cr, LR O SR IR O s
% (FAAS). A &SP R IBOEREE L AR IO IS (ET-AAS) 400 (HZ . 2 ik HE
i AL BRAS R BB, Pr e SGRBEA E M 5 B . AN AT WO e B (UV/Vis) R BUER & . il ik
T Y 1 S R AT 4% B RN AT TR R R AR R IR OKIE AR, WA T T S m v B
R DU A U DL R SR, AT O A R OB TR AR U T T A A R SE B UV/Vis i B DU E PREEAE S
KSR, A8 RGNk, EReA 7 IR ORI YA & i £ Wk B
g5 G R RE RN AT AL FRER AR, T IR IS T — Bl 3 T 4 06 BE ik % S R A 40 Uk )
(PM, ) FEE R BE W R G0, DI TR0 T M R A0 P 4% 19T e KO B R JE B it — il i 26
B RA K IR B A R SR, DU I & S B W 4 R 5 it
1 #MRl5RE*%
1.1 K FlARE

S BT 7 A A 2 Al R & D S A Al ) A as AR R W1 R 26K Bl (Smart-DUV(F)
SAIDE) 4 7= (HE PR AL T 18.2 MQ) W8 4li K Al 25851 /K o R T30 B 1 B4 52 56 25 A4 A3 ) (- A7
{14y B TR s A A T 2 2 MR ol 4 mol- L' 1Y HCL HEAT TV S SRS HEB 4l K S & sk i Jm Hk -+
BT TERE DS

FH T4 5 TR R Cr( VD) A 4 1 W8 1 FH B8 R 1 (K,Cr,0,, SEFE R 99.9%) 1 2% 2§ /K il %%
1) 100 wg m™ R AR BERAS , 76 A0 F AT BORE R 2 851 /KO 8 1) 75 22 1 vk B2 0 (0.5~8 ng'mL™"),
il #& 4 mol-L™' iy HNO; H1 3 mol'L™" 1) NaOH H T P& b Fl 4 #& %5 WX pHo T Hi b B3 72 19 0.19% 1Y
H,0, i 738 32 1 0.1 mol-L™" ) NaOH ¥ #OKF 0.044 mL 30% 8 H,O, K IR E A B2 1 L4, 4%
167 mg [ — %k Bt — JF (diphenylcarbazide, DPC) ¥ fi# T 100 mL (9 N R (C,HO, ZliJEh 99.9%) 1,
5 1.67% 19 H,SO, i 4% I8 Lo L R B IRAS L &5 F 1 6 B 1R I T 4% 5 S i i) DPC 371,
B Cr(VI) AR dE W, Pr AT R A 5 4% o
1.2 HARESMAIE

R YRR (XY =2200, 7 5185 i A 9 (QMA-Whatman, 20.3 cmx25.4cm, @90 mm)
KRB RS PFORLY) (PM, ), REEHE 100 L-min ' R B Cr 09 A i 1k B 5 s 2> Hi A Rk
RS, R EERTER A7 SRR (R 25 1 A0 B8 3 450 °C =8 6 h, A 2 ¢ L' 19 NaHCO, I i
RGBT EEA N TS S R IR 150 cm,  FHBRIE S B AR IE I B b R AR SR (1 2R
BT . BRI 25 B R N R4S B 0T HLAE-10 °C TARIRIRAE o BT A MIRE SRR SE R 1 d WL
M1, 7€ 3 d SRR B RN A3 A DU, DAl /D SRR S R v Cr AR, I/ T i 2%

13 SAXEERVRERIREREHE

IrECERE I R G R 25 5o 112 pL. JEFE N 50 em A KGR I 8 W (liquid waveguide capillary
cell, LWCC, LWCC-3050, World Precision Instruments, Inc., Sarasota, FL), %34T % (HL-2000-FHSA-
LL,Ocean Optics, Inc., Dunedin, FL), Y4k (QP450-1-XSR, Ocean Optics, Inc., Dunedin, FL) F1 iy il A
200~900 nm F¥) /NI R (USB4000-UV-VIS,Ocean Optics, Inc., Dunedin, FL) ZH 1% .

SrfradRErh, Cryk B Cr(VI) 5 DPC W™= A= 1 2% & W) 7E 540 nm A WO BE E AT 33, 48
DPC 5 RAHE T &JEE+ (Fe''. Hg™. Mo®™ . Cu™ Ml V) SR AERMLE RN, HiXEL)E
255 W) ) B KOG IR K Ve L R B 540 nm, HLAH 228K, Ik, A& RET A DPC A R IE 45
BARRZHALS R E T T &g M BB 8 ms, BF/NFE TR ECH 20 Ik, Skl
&l I 800 nm &b WO BE A5 5 T i0E B4k (MR E RET HAF5). N EBRK AL A B = 7 &
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R R 2 ARy (B 1): A 5 R A R AL BE AR (AR SR SRR LA SRR I D L itk
(VR B2 A3 BT A B W SRR IS 1) S S RV T P BY T IURE L BYRR, BCAREAR S A 20.mL 1) 2
F7KF 1 mL ¥ EE R 4 mol- L™ i HNO; ¥ Wi . S AT RE VA fift A D B LSRR (M SRS MORc ), FHREG g i
FEDUE: A7 T B ) B Y 2 AL I A (UL BE 50 °C) 163 40 min, 4355 MY 10 mL RE OB, ARR
R EEAE . BRIEJS, A 4 mol-L™ A9 HCl ¥ VT VE T A FE RS 1%, FERDB 4k vk .

,' *#/FD ﬁudLI;"ﬂ

4 mol - L' HNO, G
YRR EB K Pk e s
20 mL 500 BB L BN Ff B
ke
:’%ﬁﬁrWt
: RN
DPC|—>

e P | S S |

E1 @itmEeNRgERER
Fig. 1 Schematic diagram of the developed Cr detection system

Ko 6B T B AR S b Cr VRS A3 DU R 3R D) &AL AR ST T OIA
0.1 mL 0.1% 1 H,O, iR A% 5 i e e 19 Cr(ID) %46 4 Cr(VD), [RIES A 0.1 mL % DPC &5, &
10 min, F Cr %5 WY IFRE o 2) B S EA o A 0.22 pm L IEAE GRS & 4%, PTFE) 1Y%
PG TS 4 1 mL AR A LWCC e 3) M E Wk . @ AMES 2~3 min J5, FRGIRE, HEDE
W3 4] | 540 nm Ak Cr 2845 W) 10 5 R WO, K32 (B 11 98035 A2 11 800 nm FEZR (15 ) ¥ e
I 1 5 b 5 R AT TSR R Cr MR
1.5 EK#=

KA A B E B TR KRR WM P, e 12 h (9 B [ 1] B 2R 4w o 6 R8RS04
fho BEERENRAR A AT E] A H 06:30 A1 18:30, SRAFE &S (L A2 FR) 2 FRa st b AJE R4 15 km
b, R T IX (8 (0 = fbR) LAT, SRR IX H 4 20 T 18 (WLIE] 2). %M A PM,, 3 i ok 3 5 4
FH Met One Instruments /A 7] 1Y) PM, ; 764k Mo AT SE P AEZR WS, B5F[H] 23 B850 1 he
2 HERE5E
2.1 mEHRNESEHNIEE

T RAARNE Cr i BE AR, BHUH 10 mL ¥ 4 5 ng-mL ™ (1) Cr(VI) bR 1 3 W E AT 45 1R 52
55 A I SRV W pH . DPC R0 (4 FH B K T0RE (R 45 A SO R, AR 4% 4 S 6 45 SRR 0 e i I
TS B B AR Bl B . K AR A I {5 A MR v B A = A S R bR v, H
AT 1, W2 T R Y S S ECE AR -

TEMRPEALE T, Cr(V) 55 DPC 4G YRR BEV W pH (1) Ty MR, 5 35000 2 45 R 1% ;- 72
PEREET, Co(V) BILEALK A RN . FL, T2XE R R TR AR A 28 7K
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Fig. 2 Map of the environment surrounding sampling site

HHNO, W, 53R AW WA pH 28 0.5,
A 3 mol- L™ NaOH & H 15 1R & VW pH, 458
WK 3(a) i s o A DPC () Cr 254 ) ) B )i
VW Y B fE pH R 0.5~1, dC7E H b 38 v I M
TR pHo VAR Pt 2 0 A ) 1,0, 6 Cr(TI)
AALRL Cr(VI) J&, &% DPC & AN, +
P Cr 255 W . DPC L5 1Y F &4 0.1 mL
i, Ak Bt H,0, BT (& 3(b)). TR,
B A 38570 A S B 10 min IR IE 35 WP Y
Cr & &M o274 (B 3(c)s
2.2 KREHRZ RN PR

R 8 52 B 0 85 KPR S Crik BE
VePE A E W BE AR (05, 1. 20 5. 8ngmL™)
(14 Cr(VI) Fm o v VR At o A M I 2 o R b 8 fil
FHARE Cr(VD) BE, FH28 1K B 22 o il vk
JE . 4k 14d R A B LR AT G 5 TR bR E 45
S, AR e B 2 O e 8 YE B DA
error bar JE 2U7E [ W An b o LR R 15 2 19 22
P 7 8 B TE (0,015 6+0.000 2) mL-ng ™ 11 [l 2%
b, O B Frfide e th 4 i R Y igik 2 0.99., &
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Fig. 3 Results of measurements of standard solutions for the
determination of optimal conditions

Bt 43 06 BE D s () s R R 55 T — RO B R SUWURLY) h Cr iR FEEJ L. Cr vk B 5 H A8 B W ot
JEIEE R RE RN C R, ZWbna R i 25 R B AT

AR 25 R it WO B 0 s O 26 1 3 3% oFe 0 8 R 498 B9 A D PR (limit of detection, LOD). %5 [
FE i 25 1 0 FRE 4 BERE o A T A 3L AR A5 o B i A DPC 925 1 RE 3 A LWCC ) 22 1 ' B 0
f, LOD ZJk 0.158 ng-mL™", X} REEZS SARFIL S 12 m’, 28 b 11580 X% N7 1) B 352 Uk 9 v Cr e i
90.133 ng'm >, RAHUKI Y Cr e ) 2 /0 Hi% LOD & — NSRS, Ok 2R 48X Cr vk 3 /Y I 5
REER R, TR RAWMTT K . N R 28 FURE S 0 25 R B, A B I Cr AR
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X, H(0.971+0.087)ng-g ', A2 THESLbRIE 0.14r

2.3 [EWERLE o2l i
ARSI 22 258 Y [l g 3 52 36 465 23 1 B [l i //

FURE SRR 354 . 25 F1RE 60 00 7 1 g " /

i 7E A5 A P B A 10 ng Cr(VD), P42 1] ¢ 008t '

FE R AL B AL R EAT AL AT, W < oosl //y:mséﬁolom

RIS EZ RIS bR s o TR /7 R=09993

§1% (HAMILTON-7000) 5 1wl th 417 Cr(VT) ooer

B ¥R B U 4% W B2 10 pgemL B9 Cr(VI) £ 002} 5

W, IR A A S JRE SR T AT AR AR, LA 0"' : : : : .

A IA] e B2 1 Cr(TID) A3 9 (i 206 B2 9 99.99% 1Y =T )

CrCLy6H,O0 MBI AT gy gy o smmmgmm i w B 747 45
A 0.1% ) H,0, Ak Cr(1Il) Je, Al Cr(lV) Fig. 4 / Calibrations of Cr using standard solution within
e B I 5 e Y Cr(]]I) PRI LB A B A A R the working range
BE A A [ 50 2 ) NIST 7 b A B 36k i 9t
LI AR HED) T (NIST 1648 PM) 1M FE i o FHIE T ARERKE NIST FESYERE, B2 13 (%5 5 mg) 430l iR £
A A B, Hof 10y A 10 ng Cr(VI)o K 2 03 FF i 4G 0 2R S b 45200, 2 10 B o 4 119
ZEH 5 I A AR HE Cr(VI) 4 T 19 3188 18 22 b RIIn A [l s 1 R 52 30 349 5 &2 16 4 22 R DA/ (SR Pk
W2

F 5 e 2 A 2 HL R e I i A2 B TR 22 4R /1, Cr(VD) 28 E b LR Y {E 0T 35 98%,
B A 22 0 2.4%(FE S8R 10); Cr(1ID) BN (95+2.6)%(FE M B 10), FF i finAs [l g 52 56 45 2R
WoR e FE 1S AN INER B AR AE R BE AR S Cr(VD)[TICR A (90.3+£8.1)% ;1110 X5 AS Jil ki B NIST A M FE 5
A Cr ¥R B2 I 22 9158 22 Y0 LA (9.63.3)% . ERG 8 FHAH R RE &y Jindoe, 308 2o 0 R 36 2% vl i $ L 5 % 7
3% (IC) A5 1Y [T R ((89.8+10)% 5 FE S B N=10)2, 2 2 KE 5 bR ] i 38 28 vh 37 B0k 36 3 ASAE
EGIT LR ELES, BZRGEA BRI RERMNEAEE
2.4 5 ICP-MS 73 &R0 3T L ik

ICP-MS J2& H iy ik ) h R &t 4 0@ i 44 T T i 2 — P12, 2014 48, 3R B IR BSR4 300K L6
FE R i BB K FE D 2R T K AR ME T I (HT 700-2014), IT4E0K, ICP-MS 545 Fh 43 B £ R Bk
& WT Cr i AH SR 58 220,

$F 2016-12-17—2016-12-27 LE4& M = H HL X (PM, >80 pg-m>) R 4 1Y 5 v B R A Uk ) £ 3
JERE 5 (A%« QMA-Whatman, 1851-050, @50 mm; SEAERFH 3 h; RAEW#E 16.7 L'min™"), 43 53@
IR R GERT ICP-MS & B Cr ¥

TESEAT ICP-MS W5 Aij , B B ARE o A50% PA T e T e AT A 38 . U S A RGeS e i 8 T
Teflon-TEM 38 fi# b, FE A1 A 10 mL HNO, #1 HCl IR & W (R FR LR 1:1), 3750 B IR FE 55 ik
ATEBTHAEAL (XT-9900A, _Fi#EF#h) thifff 8 ho FRil MR A 2=, ¥ H P rIR&9H 0.45 pm
(YT IR 2F 4 3R 0B B A7 2 08 o B 2R W & B K R B 2 50 mL, ] ICP-MS(X-Series2, US
Thermo fisher) #4753 #7 .

2 Fh oy D 2 SR AR DGR I B 5 TR, RIS B LM OCR (RHFE N 0932, R M 0.868). %
45 TR AR Z2 G0 5 PR 85 JURL ) b B Cr VR B2 I 2 B TR 1 S e e PR A, it — 2B UE AR R S8 Y
SEPRERAE (AR RR AL . AR A ) REEEAS O R b TP T A AR AL A SR AV R, LAAS B AT R A I
ghAL Rl FR U WORL A i Cr 250 hilt iR HMEIR Y AR 2, g RGu i 4521 .
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2.5 K5 PM,, & CriRERISNG S nor

7E 2018-03-26 —2018-04-06 X} ¥ 45 K <, |
PM,  JEA7 E R4 . 4 120 R B 1K, 7 F) I
1A L2 0S5 E 6 s . 45 Cr ¥ B AE %Sm
SREEWIR BT B B AR, VR E R 6.9~27.4 2
ng'm . VR BE KPS AU I 25 SR AR BT 2wl
Cr R JE (9 A5 AL A 315 PM, ¢ 159 75 1 BB AR — S
Ho BAKREEWINE, Cri H YW E R 134 0 Moo 3946
ng'm . IfiiX BEAfH] Crifk BEAR ALK, X EH I R=0.868
FHRE2 AR BR, H 2R R AN % o
FAY S A 4SS K o Cryyeflig - m?)

3BT Cr ¥ B A8 A6 T & 30, 2018-03-28 1% B 5 UV-vis UBLZERS ICP-MS £
] ] 2018-03-29 % /=& . 2018-03-31 [ K . 2018- ERZEREXM
04-01 7% [a] | 2018-04-02 % &, L)L K& 2018-04- Fig. 5 Correlation between UV-vis measurement

and ICP-MS measurements

02 7 [H] £ 2018-04-03 % = 3X JLA™ B B 35 21U I
W] WA, S SAME e B OF 23k BE 5 50%~67%; 12018-03-30 42K . 2018-04-02 [ K Cr ¥k J¥ [ 2 W
D HA (] H 7 34 9k BE (Y 529%~60%; 2018-04-04 T 71 £1| 2018-04-06 ¥ /=, Cr ¥k & FE A< 5 2R FF 1 ] 19
Cr H VW BERR - BT Codl) 2 T Tl AE 7= i . SRR JOP R il 3 AL 4 T 2045 200,
2838 T B SHE ORI S 4651 5 2 A B RAMORL Y h & A X R S8, Cri2ibse iy 4
JEW 2 —, WA A A kL T 2R S R AR BTk T CeRY L GG SR A A M A B )
BT HEWT, RABURE A () Cr 32 Bk R 30 ] 5 21 1) 22 38 176 2h 5 B0 E 2 HERC 5 L HE i, A
A 2R RS S B9 Tl el DX HE B A T Yo T o LRSS SRR, AR R G nT Xt PM, 5 H Cr ¢ B3 14T 4
TSI

1 60

{40

Cr/(ng - m)

1 20
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Fig. 6. Continuous daily metal measurement of Cr from March 26, 2018 to April 6, 2018
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1) B IFATAE T —Fi 3 T3 6 0 B kB ER B PM, , PR Cr O RS . R SEil i R4 i
RIAL B A 00 R, P T O B i IR R A R B Cr W, B AR AR SR A M B L R
AL R . RS By . FHAH [RIRE 5 5 ICP-MS I 5 45 S 09 % Lb 6 0, R 45 ] 5 Mk AN v i 1k 3
B AN R I B 45 R R, % R G AT S TR R A T WA B LR X ER B 4R R R Cr 3k
APk i 2, Bl SEpE i .

2) BETT o FH ) 388 1ok s 40 4 i 45 A A Bk i b BB SR UEAT O AR B i, AALRE TN SE Cr 94
A, R REHE BhIE KRBT P 4 TR, O B S R M A M KR B KR T 4 TR
TG YRR R AL T 2% . [WRE, 456 RAPRY b Cr R JEE T DLt — 25 I Wi A 6] 295 KA
Cr BRUE, FF 0B H H 2B AR o
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Abstract A new system is developed and evaluated for the measurement of chromium (Cr) content in ambient
fine particulate matter (PM, ). In this measurement system, an ambient sample is collected by quartz filters,
extracted by acidified solutions, and reacted with 1, 5-diphenylcarbazide (DPC) to form a chelate, which is
measured by spectrophotometry using a long-optical liquid waveguide capillary (LWCC) cell and comparing
with a standard Cr sample solution. Both laboratory and field experiments demonstrated that this new technique
was easy to deploy and had high accuracy. Duplicated calibrations were performed which showed consistant
results with R* > 0.99. The system detection limit (LOD) is 0.13 ng-m *, which is determined by three times the
standard deviation of Cr levels of a blank sample. Our new method showed good agreement with the-well-
established inductively coupled plasma mass spectrometry (ICP-MS). The total chromium concentration was
measured by the new system at the atmospheric. observation station of Nanjing University of Information
Science and Technology (NUIST), the trend of which agrees with that of PM, ;. Results demonstrate that the
new system is an accurate, stable, convenient and promising technique for the measurement and analysis of
ambient particulate chromium contents.

Keywords fine particulate matter (PM,); Cr; spectrophotometry; quartz filter sampling; transition metal

element



