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Table 1. Primary Levels, Investigation Levels and Reference Values used to calculate a Derived Investigation Level for Prevention of Radiological

Hazard and Chemical Toxicity of Uranium in This Study.

Classification

Radiological Hazard

Chemical Toxicity

Primary Levels

20 mSv y' [2]

1.0 pg-U g-kidney™ [5,10]

Investigation Levels

2-6 mSv y' [3,6]

0.3 pg-U g-kidney' [1,5,9,10]

Reference Values -

TWA": 0.2 mg m>
STEL': 0.6 mg m™ [4]

"Time Weighted Avereage, Short Term Exposure Limit.

e AP, Pue EA4m), 5, 2 2AF
712 183} e ™, ICRP biokinetic modelS A&-3}¢]
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Table 2. Parameter Values used for Calculations of DIL.

Intake patterns Acute, Chronic

Weight percent of 2°U (%) 0.2, 0.72, 3.5, 20, 93

Absorption types F (fast), M (moderate), S (slow)

Monitoring frequency (days) 7, 30, 90, 180, 360
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Table 3. Activity Fraction, Effective Dose Coefficients and Specific Activity for Uranium Compounds of Different Isotopic Compositions (5 um

AMAD) .
Weight percent of Activity Fraction EDC(Sv Bq?) Specific
25 (%) 234 23 23 T F T M Tvoe S Activity
ype ype ype (Bq ug?)
DU 0.2) 0.1553 0.0107 0.8339 5.95x107 1.68x10° 5.87x10°¢ 1.49%107
U-nat™ (0.72) 0.4968 0.0224 0.4807 6.13x107 1.85x10° 6.25x10°¢ 2.56x107
LEU* (3.5) 0.8342 0.0314 0.1344 6.31x107 2.02x10° 6.63x10°° 6.55%107
MEU® (20) 0.9425 0.0355 0.0220 6.37x107 2.08x10°° 6.75x10°° 3.46x10"!
HEU ' (93) 0.9634 0.0362 0.0004 6.39x107 2.09x10° 6.77x10° 2.41
*Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, " High Enriched Uranium,
T *Refer NRPB Report [9], ICRP SG2 [14].
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Table 4. The Maximum Retention of Inhaled Uranium in Kidneys.

Absorption Type Acute Inhalation Chronic Inhalation

Type F 0.032 0.93
Type M 0.0041 0.23
Type S 0.00013 0.022
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Fig 1. The retention of inhaled uranium in the kidney as a function of time after start of (a)acute inhalation, (b)chronic inhalation of uranium with 5 pm

AMAD Type F, Type M and Type S.
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Fig 2. Model predictions of the concentration ratio of uranium in kidneys (ug g™') to uranium in urine (ug mL™") as a function of time after (a)acute
inhalation, (b)chronic inhalation of uranium with 5 um AMAD Type F, Type M and Type S.
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Table 5. Air Monitoring: DILr(A,A), DILc(A,A) and STEL for Acute Inhalation of Uranium with 5 um AMAD (Unit: mg).

Absorption Type Weight Percent of *°U (%) DILr(A,A)T DILRr(A,A) DILc(A,A) STEL
DU’ (0.2) 3359.32-10077.96 225.46-676.37
U-nat' (0.72) 3263.18-9789.54 129.49-388.47
Type F LEU* (3.5) 3171.19-9513.57 48.38-145.13 2.90
MEU® (20) 3138.42-9415.26 9.06-27.19
HEU' (93) 3132.20-9396.6 1.30-3.90
DU" (0.2) 1190.48-3571.44 79.90-239.69
U-nat’ (0.72) 1081.08-3243.24 42.85-128.56
Type M LEU* (3.5) 988.45-2965.35 15.08-45.24 22.80 0.18
MEU® (20) 962.30-2886.90 2.78-8.34
HEU' (93) 957.42-2872.26 0.40-1.19
DU" (0.2) 340.72-1022.16 23.00-69.01
U-nat' (0.72) 320.00-960.00 12.70-38.10
Type S LEU* (3.5) 301.65-904.95 4.60-13.81 739.09
MEU® (20) 296.25-888.75 0.86-2.57
HEU'" (93) 295.23-885.69 0.12-0.37

*Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, " High Enriched Uranium,

"Unit: Bq.

Table 6. Air Monitoring: DILg(A,C), DILc(A,C) and TWA for Chronic Inhalation of Uranium with 5 um AMAD (Unit: g m™).

Absorption Type Weight Percent of *°U (%) DILr(A.C)' DILR(A,C) DILc(A,C) TWA
DU (0.2) 1.40-4.20 93.94-281.82
U-nat™ (0.72) 1.36-4.08 53.95-161.85
Type F LEU' (3.5) 1.32-3.96 20.16-60.47 15.21
MEU® (20) 1.31-3.93 3.78-11.33
HEU' (93) 1.31-3.93 0.54-1.62
DU (0.2) 0.50-1.50 33.29-99.87
U-nat’ (0.72) 0.45-1.35 17.86-53.57
Type M LEU' (3.5) 0.41-1.23 6.28-18.85 61.49 200
MEU® (20) 0.40-1.20 1.16-3.47
HEU' (93) 0.40-1.20 0.17-0.50
DU" (0.2) 0.14-0.42 9.52-28.58
U-nat’ (0.72) 0.13-0.39 5.29-15.87
Type S LEU* (3.5) 0.13-0.39 1.92-5.75 642.90
MEU® (20) 0.12-0.36 0.36-1.07
HEU' (93) 0.12-0.36 0.05-0.15

“Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, "High Enriched Uranium,

TUnit: Bq m™.
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Table 7. DILg(L,A) for Acute Inhalation of Uranium with 5 pm AMAD of Type M and Type S in Monitoring by Lung Counting (Unit: Bq).

. Days After Weight Percent of U (%)
Absorption Type "

Intake DU’(0.2) U-natt(0.72) LEU¥3.5) MEU%(20) HEU" (93)

7 0.66-1.98 1.26-3.78 1.61-4.83 1.77-5.31 1.80-5.39

30 0.49-1.47 0.93-2.80 1.19-3.57 1.31-3.93 1.33-3.99

Type M 90 0.28-0.83 0.53-1.59 0.68-2.03 0.74-2.23 0.76-2.27
180 0.15-0.46 0.29-0.87 0.37-1.11 0.40-1.22 0.41-1.24

360 0.05-0.16 0.10-0.30 0.13-0.38 0.14-0.42 0.14-0.43

7 0.22-0.65 0.43-1.29 0.56-1.69 0.63-1.88 0.64-1.91

30 0.18-0.54 0.36-1.07 0.47-1.40 0.52-1.56 0.53-1.58

Type S 90 0.14-0.41 0.27-0.81 0.36-1.07 0.40-1.19 0.40-1.21
180 0.12-0.35 0.23-0.69 0.30-0.91 0.34-1.01 0.34-1.03

360 0.10-0.29 0.19-0.58 0.25-0.76 0.28-0.84 0.28-0.85

*Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, " High Enriched Uranium.

Table 8. DILg(L,C) for Chronic Inhalation of Uranium with 5 pum AMAD of Type M and Type S in Monitoring by Lung Counting (Unit: Bq).

) Days After Weight Percent of *°U (%)
Absorption Type "
Intake DU(0.2) U-nat(0.72) LEU*(3.5) MEUY(20) HEU " (93)
7 0.01-0.04 0.03-0.08 0.03-0.10 0.04-0.11 0.04-0.11
30 0.05-0.15 0.09-0.27 0.12-0.36 0.13-0.39 0.13-0.40
Type M 90 0.11-0.33 0.21-0.63 0.27-0.80 0.29-0.88 0.30-0.89
180 0.16-0.48 0.31-0.93 0.39-1.17 0.43-1.29 0.44-1.31
360 0.21-0.62 0.39-1.17 0.50-1.50 0.55-1.65 0.56-1.69
7 4.4x107-1.3x10" 8.6x107-2.6x10 1.1x102-3.4x10%  1.3x10%-3.8x107  1.3x107>-3.8x10™
30 0.02-0.05 0.031-0.10 0.04-0.13 0.05-0.15 0.05-0.15
Type S 90 0.04-0.13 0.08-0.25 0.11-0.33 0.12-0.36 0.12-0.37
180 0.07-0.22 0.14-0.43 0.19-0.57 0.21-0.63 0.21-0.64
360 0.13-0.38 0.25-0.75 0.33-0.99 0.37-1.10 0.37-1.11

*Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, " High Enriched Uranium.
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Table 9. DILg(U,A), DILc(U,A) for Acute Inhalation of Uranium with 5 pm AMAD of Type F and Type M in Monitoring by Urine Analysis

(Unit: zg L.
DILA(U,A) DIL.(UA)
Absorption  Days After Weight Percent of *°U (9%)
Type Intake DU"(0.2) Unatf(0.72)  LEU¥E5)  MEUY0) HEU " (93) . fAQXUfg;ﬁggiu

7 S63.13-1689.39 3234397030  120.83-362.50  22.63-67.90 3.25-9.74 12,10

30 100.72-320.16  63.02-189.05  23.54-7063  441-13.23 0.63-1.90 14.57

Type F 90 19.30-57.90 11153345 4141242 0.78-2.33 0.11-0.33 19.81
180° 5.11-15.32 2.88-8.65 1.08-3.23 0.20-0.61 0.03-0.09 931

360" 0.89-2.67 051-1.53 0.19-0.57 0.04-0.11  5.13x10%-1.54x10° 225

7 368611057 19.83-59.51 6.96-20.87 1.283.85 0.18-0.55 16.40

30 15.16-45.47 8.13-24.39 2.85-8.58 0.53-1.58 0.08-0.23 2547

Type M 90 7.11-21.33 383114 1.34-4.03 0.25-0.74 0.04-0.11 33.38
180 3.75-11.25 2.01-6.02 0.70-2.11 0.13-0.39 0.02-0.06 2971

360 125375 0.67-2.00 0.23-0.70 0.04-0.13 0.01-0.02 19.28

*Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, " High Enriched Uranium

Projected ratios for acute intake of soluble material may involve large errors beyond 3 month after intake because urine levels would have

declined by several orders of magnitude by this time [10].

Table 10. DILg(U,C), DIL¢(U,C) for Chronic Inhalation of Uranium with 5 um AMAD of Type F and Type M in Monitoring by Urine Analysis.

(Unit: xg L
DILR(U,C) DIL,(U,C)
Absorption  Days After Weight Percent of U (9%)
e nele DU"(0.2) U-nat'(0.72) LEU*3.5) MEUY(20) HEU'@3) fAZ';i’U"\gLﬁl”;;gU

7 94.09-282.27 53.45-160.35 19.86-59.56 3.72-11.17 0.53-1.60 77.23
30 110.70-332.11 62.90-188.68 23.36-70.08 4.43-13.30 0.63-1.88 4333
Type F 90 114.71-344.14  65.89-197.66 24.92-74.76 4.66-13.98 0.66-2.00 39.97
180 120.65-361.95  68.55-205.65 25.46-76.38 4.77-14.31 0.68-2.05 38.55
360 121.75-365.27  68.78-206.34 25.70-77.09 4.81-14.44 0.69-2.07 36.28
7 434-13.01 2.33-7.00 0.82-2.46 0.15-0.45 0.02-0.06 78.79
30 5.77-17.31 3.11-9.31 1.09-3.27 0.20-0.60 0.03-0.09 44.78
Type M 90 7.4122.04 3.98-11.93 1.40-4.20 0.26-0.77 0.04-0.11 40.86
180 8.68-26.05 4.67-14.01 1.40-4.20 0.30-0.91 0.04-0.13 39.23
360 9.82-29.46 5.28-15.84 1.85-5.56 0.34-1.02 0.05-0.15 36.89

“Depleted Uranium, TNatural Uranium, *Low Enriched Uranium, *Medium Enriched Uranium, "High Enriched Uranium.
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Calculation of Derived Investigation Levels for Uranium Intake

Na-Rae Lee”, Seung-Jae Han" ', Kun-Woo Cho™ ", Kyu-Hwan Jeong ", and Dong-Myung Lee" "
“University of Science and Technology, *Korea Institute of Nuclear Safety

Abstract - Derived Investigation levels(DILs) were calculated to protect the workers from the effects of both radiological
hazard and chemical toxicity by uranium intake, Investigation Levels(ILs) of committed effective dose of 2 mSv y'-6 mSv y'
and uranium concentration of 0.3 ug g” in kidney, based on Korean Nuclaer Safety Act, Korean Occupational Safety and Health
Act and current scientific studies of uranium intake were assumed. DILs of radiological hazard and chemical toxicity were
then calculated based on the concentration of uranium in air of workplace, the lung monitoring and urine analysis,
respectively. As a result, in case of the nuclear fuel fabrication plant where 3.5% enriched uranium is handled, derived
investigation level(DIL) for the control of the concentration of uranium in the air of workplace assumed with 15-min acute
inhalation was 0.6 mg m® for all types of uranium, DILs for the control of the average concentration of uranium in air of
workplace, assuming an 8-hour workday, were 15.21 ugg m® of Type F uranium, 0.41-1.23 Bq m® and 0.13-0.39 Bq m? for
Type M and Type S uranium, respectively. DILs for the lung monitoring assumed with a period of 6-month interval were
0.37-1.11 Bq and 0.39-1.17 Bq in acute and chronic inhalation for Type M, respectively and 0.30- 0.91 Bq and 0.19-0.57 Bq
in acute and chronic inhalation for Type S, respectively. Since a detection limit of typical germanium detector for the
measurement of *°U activity is 4 Bq, DILs calculated for the lung monitoring were not appropriate, DILs for urine analysis,
for which an interval was assumed to be 1 month, were 14,57 ug L' based on chemical toxicity after acute inhalation, In
addition, acute and chronic inhalation of Type M were calculated 2.85-8.58 ug L and 1.09-3.27 ug L based on the
radiological hazard, respectively.

Keywords : Uranium, Radiological hazard, Chemical toxicity, Monitoring programme, Investigation level, TLVs
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