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An Investigation of Microanalysis of Mercury

Toshiharu Takagi
Tetsuo Tkushige
Tadayoshi Kuwano

Hiromi Tsuji

Until now, no reliable method has been established for determining trace amounts of mercury.

The dithizone method has been a conventional procedure because of its high sensitivity for mercury
analysis. However, it has the fault that dithizone reacts with many kinds of metal ions and therefore is
low in selectivity.

In the present work, studies were made of modified methods by using the conventional dithizone method
after quantitatively back-extracting the mercury present in the organic phase into another aqueous phase,

The current JIS method of dithizone procedure, using a back-extraction with hydrochloric  acid, gave
unsatisfactory results.

We therefore investigated a new method in which a back-extraction was carried out after decomposing the
dithizone-mercury complex in the organic phase, with oxidizing agents such as sodium nitrite, potassium
permanganate, and sodium hypochlorite. This new method gave a good accuracy and recovery,

Cupric ion is completely masked by CyDTA. Carbon tetrachloride and benzene were used as extracting
solvents for the pre-extraction and re-extraction, respectively, which resulted in more convenient operation.
This new back-extraction method js capable of treating large quantities of sample and determining trace

mercury. The limit of determination for a sample of 500 ml. was about 0.01 ppm.
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PR R U A, B AVEEAY Y L, ke
e b U AEOBMEHICEMLS BT 5 ik a BT Lic

Bh, B OTRRE B~ O b E BN Tsd

NID LCTBMEY S L fo, PEBEE Cu2t f, CvD
TAZEMT S Z & CRETETH S,

M OBROBH L L CitmiE(bREE Y Ay, |
MR EITR S BEORBE LTy By a A L
By, T UEZTHEGO RS e — Pz B LEERN
I CEENEETH O RE S X CRER S LV iEREY
Ly e

2. RERIURR

(1) MRRIES LU LS

DF —PEALRFIRE RO F v THED
IO FEWAED BAY Vi ARSFTCRFE L, (# %
AL RIE T 5 T Liz,

VIS =R DF T s — P LGRS
LRI U TR 2 R Ui,

KAUSHERS IR - Pl a8 — K 2. 6538g % 270g/ 0
L M) U ARRCIEEL, 1 QA7 TAaTeE]
L Lich ORI E L, B OHERE 500 Sk
FIRUAzo DMEEEF L~ MEEED X - T

IR - 4 NEtys X001 NAHigS b U0 L%
EWWRITEY, Thi b UF/ VBEKRTSY, T
rEEGRAYEREL, R ZF Lol

0.IM EDTA %% : F—%4 F 2Na o 3.7g %
100miffiRiEnL, VFV VERTSY, EDTA L
FIG LT WA KEAERE LIS DRFEM Lic

0. INIEREAR « FEUERE 2 RBRE L LA U1,

2085y Kk DN T IV DTV YIBIK TS

DEEBRYRELLLOREM L,

5 % HAEEE S N U AWK - Dowx—A— 1Na # 4 oF
VAHRERIER B LI b ORER Ui,

6 %8~ VIR U LG (EROR BB L
o

5 % R RIED NV U AR - A OEERE L

FAFEES B Y T ABH - 1.5g &K 100mlic &2 L
7o b O R {HEHOEEF L 1,

TUE=THER : T /E=T/K(1+100)1 (0.1
M EDTA %¥ 5ml % bkt

a7y EEE (9 1) IRABKTREL,
T KRB LR L b DR R L,

AR - BENE B RS SV—50A RIE 2K
KB ICERT, RHER SP—20 LRSS KN E % &

Vi3 10.0mm G L, BL O inch &4 @ H Uiz,

(2] RARER#ER

ARG D— BB L O FOMBRO—CEY S
Wr— bk b, DIV y—pLRERK, UF S
RUY UEREFRER, 20ml, 10me iz T 3 DS
DEEEESBEL, VFV AU VBT U E
=T, AR YE OB e KA R LK E
®w, ThXhoBEYHRE LToF Y/ vy—migfbiRFE
B, KEW—2F ) VHdEOBIN HhER % 400~700mp T
B Lo 552 Fig. 1 wimdsD T, DF/ v—
PUEEAL R ZBVEIR (3 450mp. 615mp v AR H D,
K—2 5 v DIRE DS A13450mp ORI LR 3 E
~BITL, KIR—DF T 8B OWILT49Cmp iz ik
KBNS EET Do Lich » TEEI S W LTSGR
ENIA0mpu TIT 7 - 7o
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Fig. 1 Absorption spectra of dithizone and
Hg2+—dithizone complex in CCly solu-
tion and CgHg solution.

I : dithizone vs. CCly
II : Hg2*-dithizone vs. CCl, (mixed color)
IIT : Hg2*—dithizone vs. C¢Hg (monocolor)
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Table 1 Color stability of Hg-dithizone complex Hg2+20y

10 ‘ 15 20 30 45 60

Absorbance 0.485 0.483 ' 0.482

—-‘ — = = — | 0.482

Table 2 Effect of shaking time on the extraction Hg2+15.67

‘ Time (min) 1

5 8

\ Absorbance 0.422

0.413 0.413 0.413

(4) HRED®

LIHBBEKRE DAY &g iBERish w33
B —EOMBIRMFCERT A2 L3320 H R & 7o
D, EMEISRERSZB LR bl b, o T—ER
BRI U2k KB it Ui 0%, TEESAT
BRE~MEL, WEEETS Hr ol Ui,

(1) MBS MUY LSmEY

KPUFER DO —FEBX U<y N THY, 4fk% 50ml
BE s X Owflikaying, - iciEEREE 5ml,
0.1M EDTA 1m{ %nx T, 0.005% >F/ > —
TLIRFRW 20ml 2 % T3R80 95, HERS,
DEIERBRBAH LV e — NS L, ARy L
WHIPRAL RSB B ml w0t CKBREE, @B
. MECREBE LOBF LT 5 gL REE L &
—3 %, SHELCHEREO. INEIEER20m, 5 %
TR P U AW 2ml ik, 340R0.8 0 Fu5es
WOFT KR % 5 R U, BRI (LREE
BHNDGHE R — PGB, ABKBRET 5, mig
{LIRFEBICHIAK 10ml 2 h0% T8 b F 4, HiEtkmiait

Tabie 3 Decomposition method with sodium

REBETCHo KBE20%EHE Fati T I Vv
W iml 2k, 55080 F9hg, 1025 IR FZWH 2
mi Zhnx T 34D F0E OB bR A 54 R
T5, DOUWTIEERIKEY 5ml, 0.1M EDTA 1md,
0.0022 88D U7/ v —mig{b RFEEK20m & N,
SHMSD R DY, HHEEY B\ 7 5o i % 58
L, BEL TV KRG 2REBRELRET S,

0. INIEFRFAHE 20ml i@ —FR/OKPE PRy pTE
b, KEEESK Sml, 0.1M EDTA 1mf, 20%iGRer F
RERINVT IVER 1ml Hink, UFV —pmtibiR
REW 20mL 20z T, 34MESD FW0bh, hhH
BB 2WE UIREERIF & LT, hh g & f5 R
% g L Table 3 127333,

(2) BYHUBAU Y LYRESD

TERERE S bV U ARk & R E R L
B0 INIEREAR 20ml, 6 %B= VA VN ) 7 A
B Sml Bz 5 AR D EETCKBEE KB T,
K206l Fr*o L7 I VB 2ml %N,
1053750 ¥ 5, X bwigEina, EDTA g, o

Table 4 Decomposition method wtih potassium

nitrite permanganate
Mercury Absorbance Mercury Absorbance

added (7)| Standard method | Decomposition method added (y)| Standard method | Decomposition method

0.249 0.276

0.249 0.274

4 5

10.40 0.2562 0.249 10.40 0.280 0.274

0.252 0.275

0.377 0.395

) 0.376 0.406

20.80 0.383 0.377 20.80 0.399 0.397

0.376 0.397
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F PR L REERE 20ml A nz, [3) — (1)
ERBRTIRIEL, 1EICH e - 7R E L OfERA 1
L Tabled iRz,

(3) REEFMF MY LR RE

TRAHRR S b ) U LSRR & R RO L=
BEic, 0. 1NIERAYTHR20ml, 5 %kMtEHE/E S My
LW Aml Zhnz 3RS Y FCTKER KB B
o KEW208E/ e Fa x0T I VEEK 7Tml %N
z, 1050450 €%, DT (3) — (1) & @t
1 UEERERR(F & D5 5% il L Table 5 R,

Table 5 Decomposition method with sodium
hypochlorite solution

Mercury Absorbance

added (y)| Standard method | Decomposition method

0.282
0.282
0.284
0.284

10.40 0.283

0.439
0.437
0.440
0.439

20.80 0.439

(4) FABRRS MY LWFhHES

CDRHYEDF Y % B B KRS C—F I E
Fie Cot KBABITETHEBECEY, KEoxy
KB~ 5 HEET, WG U Y AL LR
BRic B F ol U7 BB 0. INHERE K 20ml, -
TR MU T AREK 2ml 20z T 344 D T8k
MO KB R+ 5, KB 6 %@~ 7 v Eh
U LAWK 4mb &z 5558 b e, 209

Table 6 Back extraction method with sodium
thiosulfate

L ReF 0T I UK Smb 2inz @8RMoE~
BV o bk Rtk (3] — (1) LR HRECRE
HERRE & OSSR % i L Table 6 iR,

¥ic Cult Op# 4 2 57 Hg?t 8.247 & Cu?t
0~12.87y Nzt FE FHEEXAE LD L,
EREBRC Lichio TREERZE Licd O ik L
MRy Fig2 wrd, HhbWbnik X 5kiiso
Cu* VK FFIZ b S h S BB 7 5 2 — 4Tk 68
LI KB BT 5,

1)
,fffff/jxﬁfﬁf____—wm

=
w

Absorbance

I
)

L 1 i Il 1

0 2 4 6 8 10 12
Cu®y in 20 ml. of dithizone-CCl, solution

Fig. 2 Influence of Cu2+*

(1) Hg2* 8.24+Cu2+ 0~12.8;
: by the ordinary method
2) 4
: by the back extraction method

(5) HERMPHMHED

COFBIBAET I SIRETIRAShTw5 T,
BT IRASEE T b U v AR R LA
B, (1+ 1) EREmw 10me 4 inz T30R/M.4 b
FT, KEXHL A& LTKBRE T 5, KB
W (1+ 1) TreE=TKEEMLTHAML, pH %
5.5 L, LT (3] — (1) & @ 8FC BB
& OFER % L L Table 7 ik,

Table 7 Back extraction method with hydr-
ochloric acid

Mercury Absorbance Mercury Absorbance

added (7)| Standard method | Back-extraction method added (y)| Standard method | Back-extraction method

0.241 0.377

0.242 0.348

10.40 0.244 0.241 8.10 0.446 0.352

0.241 0.371

0.325 0.432

) 0.325 0.452

20.80 0.338 0.313 12.15 0.557 0.426

0.328 0.432
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IERE & AR, KB &R A4 BT B BAL
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(5] $A4 4> DE#

DI R X BKERE R L~ L Cult
DOREf-oWT EDTA ko Cy DTA ofmayss
T

(1) SAVEERHICHT 2HDEE

Cu?* 3mg i LC@Fao EDTA, Cy DTA %
ZIKBRNC 5/ v~ IR FR 1 20ml % pn % <,
Sb RT3 Cut O BEBAOBITIRESL T
~NfckER%E Figd wind, Cy DTA R 2f£8c5dr
RiccE T34, EDTA i3 ABFTH &0 ¥ 4905
BB L CTHBBB~OBTH I LbR S,

C?" 3mg.
— —O°—"— EDTA
——t— = EDTA
—e—— C\DTA

2 equiv.
10 equiv.
2 cquiv.

——a———— CyDTA 10 equiv.

Absorbance
\

0.1 ™

[ ] b

0 1 2 3 4
Shaking time, min. (530mu)

Fig. 3 Effect of shaking time on the extraction.

(2) BEyR

ARl —EERE - 1 ) U AMEMIRIC 31F 5 EDTA, Cy DT
A D Cu?t b2 IR BES LR Table 8
T EDTA k5 Cu®t oFEfL 5007 iz % & R5s
2B, Cy DTA T34 icBEiikCc & 5 0 Cut
BHEDOL VAR OV T H OB Cy DTA %
W3 & Ty,

(6) MeFoks
CFVHERETRKIGD DF R T U EST B
WTEH L, DIV V—KESEED 20 REAR X 5 Hi
RE, —EATihbh Tn 3 RAELEOSA ORE Y ik
L7zD7 Table 9 THEED HARENEZ & Aih
Do IMBHELERITIOBE, /P UBEABEGL &
TYEETHREDILCCH LGSR e — M SEEE 3

Table 8 Masking effect

Copper Absorbance *
added () Cy DTA EDTA
0 0.117 i 0.143
65 R 0.117 0.143
260 . 0.117 0.143 o
T 518 ‘ 0.129 0.155
776 0.117 0.158
1294 0.117 0.173
2588 0.117 | 0.181

*) Difference between the two results is due to
the difference in dithizone-carbon tetrach-
loride’s concentrations.

Table § Comparison between monocolor method
and mixed color method

Mercury Absorbance
added (1) M"“‘*"*"jmlho 1| Mixed color method
0.00 0.008 0.150
4.056 0,150 0.240
8.10 0.295 0.340
12.15 0.438 0.445
16.20 0.585 0.558

BIEORRETH D, BERL L OCERMERRT O CHE
H OB~ ¥ B 5 R - 1oo
(7] RFEFOKEEHE
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Bonlnwz biehd, FOOREMRE & LTl
fk, BlE, WBORBEEOKPEEERLY AR s
Table 10 w3, MM OKEEHREILI D, 1
B, BREEHWCIID R D L ORPAE TR TS & &
bbb,
(8) WMEBRDIFRK
DLoXBRERT S L LTKRD & 5 RiFehREs
BRDI, MK 20ml CAKRIEER O—FEA ML, L&
sy 5ml, 0.1M EDTA ¥y 1mf, 20%#NEr K
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R 20ml Hhnz T, 3400 5, GEEUE
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Table 10 Mercury content in the reagents®
Hg2+/100cc

(anaﬁzifiﬂcgaeln;ade) A. Stock | K., Sugihara| Authors

hydrochloric acid 0.03 — 12
sulfuric acid 3.6 2 7.8
nitric acid 0.1 under 1 0.1

PRV ml T, MECRERKIE—T 5, B
B0 INEMAYE20mL 2 hnx, 5 %EASEES U ™7
LW 2ml iz 3460 ¥, BEHNECHRE
B3 Th, KB20%HEMyr FaFi L7 3I U Ekl
mi &Nz 555D ¥, X5 10%RERE 2 ml %
Mz 33fS D ¥¥5, EEHEW SmL, 0.01IM EDTA
B 1ml, 0.002% oF/ v—~_ ¥ W 10ml % hn
23S FED, MEBEER VL UBIKRE % 58T
Bo THRET VEZTIHEW 10ml %inz, 30F0R085 L
<&hE¥, BEEKBERBYT TS, = DBRIFL S

0.91

0.8

Absorbance
=
N

0.4

0.3

0.2

0.1f

1 1 1 L 1 1

0 4 8 12 16 20 24

Hg?tyin 10ml. of dithizone-benzene solution

Fig. 4 Calibration curve of Hg2,
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