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A review of the development and application of DGT technique in determination of mercury and its
compounds
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(1. College of Science, Tibet University, Lhasa 850011, China; 2.School of Environmental Science & Engineering, Tianjin University,
Tianjin 300350, China)

Abstract: Mercury and its compounds are highly concerned pollutants with strong neurotoxicity, but low concentration of mercury in the
environment leads to problems of complex operation which are difficult to detect in traditional monitoring methods. Diffusive gradients in
thin—films (DGT) is a fast—developing in—situ sampling technique that can effectively monitor mercury and other heavy metal pollutants.
The principle, material development, application scenarios, and existing problems of Hg measured by the DGT device are discussed in
detail in this paper. Combined with bibliometrics to find research hotspots and the use of different countries/regions. Hg—~DGT materials
have been developed using single materials to nanocomposite materials, and the application conditions of different materials are listed
emphatically. Environmental applications mainly include monitoring various chemical forms of Hg in water, monitoring the spatial
distribution information of Hg in soil and sediments, evaluating bioavailability, and combining it with the DIFS model. There is mainly
interference of dissolved organic matter, biofilm, Hg nanoparticles, and boundary diffusion layer. After a systematic review, three directions
for the future development of Hg—DGT have been proposed.

Keywords: diffusive gradients in thin—films; mercury; methylmercury; stationary phase; environmental application
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JERJE B S AR, B A Tl & R R T A, A
JEVE BN XS T IR v o R0 A1 AR 1 5 0 AR A
KM A, PRI, F 48 2 T8 5T PO [R5 R A ik
JIE R FL I 23 AR AL, 2 e s U AR 1 A= W
BRAL AT AR A Ok Bl

He & —FUR G &)@ , Hise i & 1t 29 4 80 g -
kg, W R TG (CV-AFS) il - W IO i 3%
AT DARE S PR DN 2 Heo o H SR & 55 8 1K 5T 35 04
(ICP-MS) XU fh o't B V4 2 I 7 22 b 435 i BH B 19
WD o (HRTE H ARG & A Z 5, 1 545 AR
A5 AL Hg R PR P BYHERC IR, R 7 VA AR Mk v
B ARG I PR 58 v 1 Hig 5 4, il — A s 0 D 07 5 2
PR AR 18 1Y S LR A o AR T WO BB AR
(Diffusive gradients in thin—films, DGT) R A H MY
B (BE T Fick 55— H) il 0 s e s 52
AR P2 3 S HL G2 v gy g 2 i R T T AR AR AR BR
B B iy R A RGS & i S 8200 LA K 8 )5
fR B

S E 3 I T A, DGT R REIE 7L
BLAE T BN B S R B A S5t b H AR 4 14 A W)
AR, BA LUF LS : ODGT B AR HA MR AT 1 ik
PERR S DR B O AN 2 0 s KA v BT A 4 B T
A AT 5 LA S A S 1 2 s @DGT B AR W]
FAREA I, DCT & R ZE A wH A,
1717 A DR AIE— R I T] PA 0 o 235 21 S R AR B L A
22 B B O S M 27 @DGT & — ik gl 7
A B ) BRI 20 R AR E R AR, RIGE H
PR BE S RS AL (LI 3K 3] i 85 - £ 52 3] B[] R
il PR AT DATE 52 A PR BE 4510 B AT S5 30 ; @DGT
BT FH 00 R 4 R B TR U EE (107
mol - L), 5 4% & i A6y I B AAN [w] , BRIVl 7k B2 A1 AR
PIPREE T, B R VR AR AT DAAS B RS E I D 235 SR
FEORAUERS i 1 [ETe 3

R EA — L CFX DT HAR I i 5 4x ) &5
— 914 —

F B E R EA T BB R ZE (H B DT £ AR A
T BT , A B A A5 A A S T EO 4 4y DA R
TR ST A AE R B 2RI 8E . 581 DGT
B SR N R S 70 4 R AR ) 199 i1 5 A, AN T S 4
XPHE— HAR R A E SRR H Yok £ 1
DGT 5 b W FH & 151 v 43 50 o7 FH 4 X6 He A1 MeHg B9
DGT 3 . AKX 24 it ¥ 855 1 Hg—-DGT il MeHg—
DGT i IR R 2 B AT T 45, 456 o it o8 i
J& BT DGT H2 AR AT He PREE WM A 1 ¢ 14 B
S50 B R IR T AN [RI2R RS A A X EHLR
FIF SR I [ 2 eR 22 5 IF LA T DCTAEA R A8
AT SRR N SR L fie e A DG A gk 13U
AN R

1 DCTIMENM AR EITESR

1.1 Hg-DCTHEZENER/MXHERER

TE Web of Science £t % A ¢ Heg-DGT A SCHK , #
A0 I 245 F 22 1 Al ] R XA s o A (B 1) o AT A
F VG RRAAL € H# X X DGT K He T8 25 B WF 7% 45
R, R E A ER XTI SR AR . AR IRE,
Wt BRI VR, RS A A Y B SR ) MeHg
A K R i (ng - L9019 10 J7 ~20 T A5, BT IR
AE R IR i 4 a8 A RS A AT (I A A AU . AR
TCHLR BRI 55 (B ICHLRFE AL MeHg HAT
R EENE BB GO A R AN RS
ROV IEREPE A | g NAEE R e M E A

A A B B2 il A 9 MeHg % #8 32 220K
B H B i HE B 9T 3R B ORR
A BB 7R W 1 K 9 B s R MeHg 2 8 119 — 4> 1 22
AR AEK 90% AR A I, R AR A
SRR R, A =52 N DA K R 32
/7 SR, TR A R R He 477 [ il
FH EFHE R A RBL A ok Tol 587 iE 5y,
WoRIGHE JRAR 4 BRI HR LA S S A =55 T8 )R
Sl X3 B T EE SR TS YR R, T AR SR SRR
YERA I i He/MeHg W B2 AR A5 XU PPAR 1265 — 26
1.2 KBEIREES

AL AH ] CiteSpace F 1 VS.7R #5477 4 1] 5 2
I BT . 7E Web of Science #0054 H48
R4 “DGT and (Hg or MeHg) ", — 3G R 5 74 55
Hg/MeHg-DGT W 5% 1 3C . ¥ 74 s SCHR 5 A Cite
Space FAFHEA T IEHEIR 1 AT AL A AT , 15 2 R b
(F2), BAEEAR-RET S, BMRETH
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Figure 1 National and regional distribution of Hg—=DGT

LA SR IRVR 2 ff i B | SR, 55 a5 2 A2 A
PP 3K

NI 2 el DU R OB A i 14 43R 26 2 5
HHO~#13. i 5 #0~#10 FYHT 11D OC RN R Ty
B EE 1L RISCHE [ AR KK (natural wa-
ter) "Rl LA 1, DGT BN - ZAE P 7S b . IR 2
AN S ] < SR A AT A1 BE (mercury bioavailability ) ”
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3 Heg-DCTH BHH/EEHEMBINEARE

3.1 He-DGTH 8B# % R

DGT & FH B4 B A Ah G 455 2R 1R s 1k P 5 e A1
BRI . (B9 & AP He & 5 RN TG
PRSI R I B S AN 25 504 UL AE rp MK R
BILYE W 1 T P 35 AT o) 2 5K LA e 1 3 PR
{HIR A W E NN, 5 DN 0 T e 2 e A 2= LA Hg
TEH BB R B B AR B2 B A 00 v e
W B Al AT B L tE 20 . DR AR K B
Wi T ROk il 21 Bk, AR AP BRI R, KSR A
RN . HH T RV T e B , Bnt i b 5 M L.
AR A FLAE (520 nm) AR S T EE DL S
IKF(>99%) , AR T BFs &+ 094 H1. R AEH
YERY B DCT & 28 F T 0 BT 3R 5% vh He 19 4 Fh
AREPEZS (He™ (CH:sHg'  C.HsHg il CHsHg" )",
3.2 Hg-DGT & B MBI A R

DGT 455 AH— A2 5 W B R4 HeHi A5 i v il B
L H AR A W MO T [ AR . 455
AEDRE AN [ B 285 5 14 [ o R g B LW B 25 /N2
REN DG 25 B P55 I () 1 B8, /2 DGT & B A% .0
AN PR BB IS FH T IREE SR W I (4 AN [R] 45 G 4 4
RS I 25 3R 1.
3.2.1 THLREES MK R

Chelex—100 8 JIif 42 f5c 4 felf FH 19 463 s PH 2 ¢
BREAERA R, BT 3R 5E - JL AR 4 s PH 2 - i I | 1)
@ Zn.Cd.Cu.,Al Fe fll Hg 252 {H /& Chelex—100
R B 2 0k — 2 1R B Re 1A Gl &% FEAVE A i 25 e v iy
S55 M) AN RE R IT A AR K A R S 432 el R S
IR, X IR 1 [ 5 R AR 441 . DOCEKALOVA %524
& B Spheron—Thiol B g A7 1k 7 19 5 5R 25 & 1 fig
7, AEW K Pl AR OR 1 280% 7T 34 Chelex—100 44 B8 1) 3
5. PHAM S8 ] 3-Hi 36 0 2L e fb ik (Si-SH)
A g W2 B A 58 40 K HgS 1 ZnS X DGT £ 5K W ff 5%
RIKFER & P HeS 9 KA T I AT 5248158 DT
TR X AT RS ATAG 1 U I3 A 46 s A 2 PR
W (50%) o T 3-%i 3L N L B ARk 1) — S A AR
BHS B Bt , COLACO S5l FH il iR 2T 4 K 5 128 4t
Ji& (P81 Whatman ) 7 A 28 & AH & 0 o] 7K A — 4 5 7
K (Hg*) ,Hg* W CHE N 97% , 5 F Chelex—100 B g 14
MR (80% ) o ELIAS S IH] == B R UK i R
B (TOMATS) 2tV 1) 9 oK 9 — S8 A RE (Si—np) 1E B 45
A AEE T W Wl He , O3 (97 9% ) F B 25
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Table 1 The comparison of use conditions and the target ions of different binding phase materials

ZEA A B Binding phase material HFrE 1 Target ion

S8 Z51F Experimental condition Z:7% ik Reference

Chelex-100 Zn.Cd.Co.Ni .Cu Al .Ph.Cr.Mn.Fe As .\Hg  pH:3~9; & T5J%:107~0.75 mol - L' NaNO; [28-30]
Spheron—Thiol He( 1) pH:4.1~8.1; B F52)%:0.01 mol- L™ NaNOs [24]
TiO, Hg( 1) pH :4~8; 5 TR )% :0.001~0.01 mol - L™ NaNO; [31]
SH-CNP He( 1) B PR :0.01~0.5 mol - L' NaNO; [32]
SH-SBA 1 SH-PMO Hg( 1) B T9RE :0.01 mol- L™ NaNO; [33]
P81 Whatman Hg(1) pH:3.5~8.5; B4 T-58% : 0.000 5~0.1 mol - L™ NaNO; [34]
sorhb-TOMATS He( 1) B F38E :0.01 mol- L™ NaNO; [35]
Duolite GT73 # Ambersep GT74 Hg* .CH;Hg" .C.HsHg" CoHsHg' pH:4~8; B T3 % :0.01 mol- L™ NaNO; [36]
Tulsion®CH-95 CH;Hg" . Hg* B TR :0.1~1 000 mmol - 1. NaCl [9]
Si-SH Hg( 1) .HgS pH:7.5~7.7; 8 F5# % : 10 mmol - L' NaNO; [37]
D1 PR T MeHg pH:3.5~8.5; B Fi /% :0.000 5~0.1 mol - L' NaCl [38]

(9 mg-g) HARR BRI 445, XA 25 A A
TE Hg SRR 5T it 15 70 18 oF [i) 22 1) SR 30 AR i i 42 2 A
ek, WPk i B A He () FLA #8407 B A I
ke R A A

TE R IR KA Hg™ Ml CH:Hg % T 5 €I .OH %%
TE R TEHLLS S Ah 10 235 TSR AR CLn = 1 15 A g
TR )TV AR W28 500, DT 65 Mg 45 -6 A U [
EP W R BRI X R E ST ESN
He( 1) A E &M, WU PR T 8 5106 1 1
T 29 K S50 ) (SH-CNP ) 2 V7 %5 W AE 0 DGT 1
A G5 5 AW BF R 15, 9 FLIZ 45 S AN %2 Cd L Cr, Cu
FPh SV TP B 7 s i, HAT R i e S 1k
SZKANDERA Z5U% B A Chelex— 100 #f g Jy 45 45 4
(9 DGT A& & 7 WK Y Hg, IRy Hg AR R 2552
PG E W B . M2 T, R R
AR i B e W o 5 7 TR (IR T Chelex—100 4 il
GAO ZEHG 1, T 3-Fi 3 A 3 SBA-15(SH-SBA ) Al 3—
FiH P PMO (SH-PMO) B 94 >k Z2 FL W i 0 &5 &
FEAARE, LA 4 v 1) e TR D R 3 2 () T REPE 5
FEEE G AL AL, I B 5 T 66 mg - o' (LA Hg W B+
T1) X AFRE 1 He B H 15 5% A1 J7 , i Chelex—100
W HEXT He B 25 54 18 mg- o7 (DA Hg W B &3 1) o

F 4l DNA 5 He 45 & J5 S E YR YL 8 R = Az o8
JEIRRE , PLAFTE & T 5 48 51 DNA T g fk /K B
& DGT, A] LA B 300 5 7K W i He™ o DNA 454 A X
He? BEA TR 5 (055 F0 7 (25 CHF I 248-E H 8 K.=10"%),
VAR BRI ERT(9.5mg) . 5145 DT T
AN, 38 DGT AR T 2 & 2B M, SR
FESLIG S I TRERT AORE S AL BRFN 2347, R L DNA-DGT
& A4 Bl R 5 B R A ARG AR 25 A, TPk
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SR e L S s K R g Ve
3.2.2 AHLREEAHIN LR

PELCOVA 855V B & 45 B B B 1 A% i R %
G+ 5 A 1) SR, 8 FH S 7 58 54 i Duolite GT73
F8 7 B 1 22 4 BE Ambersep GT74 1] DL [R] B ) 2
DUFh Hg &% HAk A9 (Hg .CH:Hg" .C.H;Hg" .CsHsHg")
ARSI HAh PH S T (Ag.Cd . Cu Pb.Fe . Ca Na)
PR B LU R T G Y AR K i B o AR X R B R
L K Duolite Fl Ambersep B i 58 i 1% 55 W W 3t 52 i ]
ZMEARTT . CLARISSE S5 i FHATIBRC I ARk A i AG:
TSR , A B %o o ELA v e e | o MR A R SR B
g5 A Re ) e R B PR RE D) B, TR A
M BR AT LA S 1 pge WANG Ui i Tulsion®CH-95
SHR T BEAL A R AL R I 2 I & — Rl A
() DGT #&%t, AT LAR] Bl 4 CH:Hg' F1 He™ , - H i
4 0.1 mol - L7 HC1F 2% i Ik (TU) B IR &V WA
R Uk R BE B b B2 ) CH.Hg' #l Hg™ . TAFURT -
CARDONA ZEBSU0E U1 o5 iR 17 /i ( Saccharomyces
cerevisiae) F T DGT H' , SZHL T X} MeHg 4 1 AL £F
PELREE , [FIPEE He(T1) BAAEV Wb, FF ELATAT T BE 1Y
BT A AR FHAEBAS 2 R0 AT 4 ) [ IR

4 DGTHARFEFRIME M5 H B M A

4.1 FADGT MEMAKEhEFELFERSHe

DGT F) e L7817 2 Wi K A | - 58 iU 46
A PG i AN W AR 2 B S Heg Mk B . PEL-
COVA %50 DGT 5 ¥ AH 3% (LC) A CV-AFS B
FF 2R FH A 1 3 MOt AR G el B A< B (MAE ) 2 AR $ B
K, A] [A] B A i 4 B 4 R OB & Hg (Hg™ L CH3Hg' .
C.HsHg" . CsHsHg' ) . BRETIER 5% 2 [ Gier 1] il
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Dedtile i F4 W5 0 45 545 B, DGT W 1) Hg F1l MeHg ¥k
J& 5 3 2 A KA b He R MeHg 1) 15 5OR AR I 5 25
SIEAR 0, SR, AEAR I i s AR K IR KB TR AR
Wy FE A H G R AR I S 50 R, DGT M5 Y He ¥k
JERTRE B il (2~16 6% ) o DGTRR 1R LA
Hg Fil MeHg, t, 7] L) 55 85 7 6 1% — Hi B 6 55 2 71k
% (IC-1CP-MS) kA , AT 553 Hg Fll MeHg 2 1
JE B [R5 20 BT . HONG S84 FH R e i JOR 5 0 45 B 25
G A H Y He, T AR E BB IR — SR 48 &9 , 94351 3
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