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Abstract: Nitrite which can be derived from water for dilution of metal working fluid can induce nitroso

ox Jo kO

compounds which can be classified as carcinogen, if it co-exists with ethanolamines added for pH control in
metal working fluid. The survey of nitrite, nitrate and nitroso-compounds level in 42 metal-working fluids collected
from 17 factories was done by ion chromatography and gas chromatography with mass detector. Diluted metal working
fluid showed higher level of nitrite and nitrate compared with raw fluid. Nitrite was detected in 11 (52%) samples
among 21 diluted solution. Three (14%) samples showed over German recommendation level (20 pg/mL). N-
nitrosodiethanolamine(NDELA) was detected in 18 samples among 21 diluted solution. Seven (33%) samples showed
over German recommendation level (5 pg/mL). The concentration of NDELA was correlated with nitrite ion (R
= 0.453, n=19).
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Fig. 1. Number of workers in factories collecting metal
working fluid samples.
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Fig. 2. lon chromatogram of NO,, NO;~ in metal working fluid. (Column: Ion Pac AG4A-SC 4-mm+AS, mobile phase: 40

mg sodium bicarbonate + 144 mg sodium carbonate/1L, flow rate: 2 mL/min, Electrochemical detector).
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diethanolamine (DEA), triethanolamine (TEA)S #4]3}
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Table 1. Concentration of nitro-compounds

in metal working fluid collected from factories

Bulk MWF Diluted MWF
No Ethanolamine (%) (unit: pg/mL) (unit: pg/mL)
in MSDS
NO,~ NOs5~ NO,~ NOs5~ NDELA
1 confidentiality - - - - 3.0
2 TEA18~25 - - 1.4 43 1.7
3 EA 10~12 - - - - 0.9
4 EA 15~30 - - 18.5 289 14.9
5 EA 5~10 - - - - 3.7
6 confidentiality - - 3.6 - -
7 EA 20~25 - 890.9 1,681.0 35.1 24.0
8 confidentiality 33 7.1 39 19.6 1.0
9 DEA 10~30 25.6 - 17.9 17.1 0.3
10 - - - 5.5 - 142
11 MEA 2~8 - - - - 9.1
12 TEA 20% - - 5,728.2 139.9 224
13 EA 5~10 - - - - 0.6
14 confidentiality 502.8 5.0 57.0 61.5 18.1
15 - - - - - -
16 confidentiality - 38.8 - 8.7 0.2
17 EA 1~5/EA 2~8 - - - - 5.7
18 TEA 5~15 - - 2.5 116.9 0.1
19 - - - 22 254 -
20 EA 1~5/EA 2~8 - - - - 1.5
21 EA 1~5/EA 2~8 - - - - 24
N 3(14%) 4(19%) 11(52%) 10(48%) 18(86%)

Table 2. Concentration of nitro-compounds in metal working fluid collected from factories according to the MWF type

Bulk MWF Dilute MWF
Type of MWF N NO, NO;™ NO,” NO;~ NDELA
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Biostati . 2.0 38.9 2.0
fostatie - - (ND-3.6) (ND-116.9) (ND-0.6)
Ermulsi 0 83.8 0.8 13.4 15.0 10.0
muision (ND-502) (ND-5.0) (ND-18.5) (ND-61.5) (ND-18.1)
Sembevnhi 6 041 0.8 716.6 20.4 4.0
cmisynietie (ND-3.3) (ND-7.1) (ND-5728) (ND-139.9) (ND-22.4)
Sunthets ) 6.3 232.4 4252 21.6 6.0
ynihete (ND-25.6) (ND-890) (ND-1681) (ND-1681) (ND-24.0)
A S pgmlE IS ARE TIGRAT  ANE, 9459 oo Sol 7w Ao Azttt
(Table 1). (Table 2). %71 AN Fo Ti¥ UEZ o}
FEEE SR W2 UER SFEY FFES ¥l NDELAL F57h8R0) e olereln e}
TR FER gAY FelA 747 7166,  UER 3HFE 7%t dghgolrle §haFe] 5

4252 pgmLe] T2 AEEH AT Nl T
L 041, 63 pg/mLE W& =2 AEHUA T A%
oA AT AME F2 S Ao ¢ =& T

KR =1
obdatdo] AEE A AAH A5 g @

=

Tl

pg/mL o] ako] x| vk of
ogh-golrle] T 5~10
HEHA] @2 A9l v]slo] =2 NDELAS

S

el el Table 3).
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Table 3. Concentration of nitro-compounds in metal working fluid collected from factories according to the level of ethanolamine (EA)

Bulk MWF Diluted MWF
Level of EA
(ug/mL) N NO, NO;~ NO,” NO;~ NDELA
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
- 1% 633 6.4 9.0 144 4.6
(ND-502) (ND-38.8) (ND-57.0) (ND-61.5) (ND-18.1)
3.8
5~10 12 - - - - (ND-9.1)
10 " 43 148.5 1241 37.6 10.7
(ND-25.6) (ND-890) (ND-5728) (ND-139.9) (ND-24.0)

Table 4. Number of samples detected nitro-compounds over German recommendation level according to the type of MWF

Bulk MWF Diluted MWF
Type of MWF No NO, NO; NO, NO; NDELA
>20 pg/mL >50 pg/mL >20 pg/mL >50 pg/mL >5 ng/mL

Biostatic 3 - - - 1(33%) -
Emulsion 6 1(16%) - 1(16%) 1(16%) 4(64%)
Semi-synthetic 8 - - 1(12%) 1(12%) 2(24%)
Synthetic 4 1(26%) 1(26%) 1(26%) - 1(26%)
Total 21 2(10%) 1(5%) 3(14%) 3(14%) 7(33%)

Table 5. Number of samples detected nitro-compounds over German recommendation level according to the level of ethanolamine

(EA)
Bulk MWF Diluted MWF
Level of EA
(ug/mL) N NO,” NO;~ NO,” NO;~ NDELA
>20 pg/mL >50 pg/mL >20 pg/mL >50 pg/mL >5 png/mL
<5 8 1(13%) - 1(13%) 1(13%) 2(25%)
5~10 6 - - - - 2(33%)
>10 7 1(14%) 1(14%) 2(28%) 2(28%) 3(42%)
Total 21 2(28%) 1(5%) 3(14%) 3(14%) 7(33%)
*Excluded NO,™ >1,000 pg/mL
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=9 NDELA7} HAEH QL I FE 8F F 2% 3 30
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Fig. 5. Correlation between NDELA and NO,~ concentration
in metal working fluid collected in the factories.
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£ R? = 0453(n=19)2] F#Ado] BF=er Ht o] BAE AT (Fig. S, 6).
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