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Effect on blood heavy metal concentration in gas poisoning
by combustion of ignition coal: Pilot study

Sang Hwan Lee, M.D., Juncheol Lee, M.D., Ph.D., Yongil Cho, M.D., Ph.D., Byuk Sung Ko, M.D., Ph.D.,
Jaehoon Oh, M.D., Ph.D., Hyunggoo Kang, M.D., Ph.D.

Department of Emergency Medicine, College of Medicine, Hanyang University, Seoul, Korea

Purpose: It is known that the most common cause of gas poisoning in Korea is suicide attempts by burning ignition coals. Ignition
coals are made from waste wood, and studies have been reported that heavy metals are emitted when this coal is burned. However,
there was no study on how much heavy metal poisoning occurs in the human body through this, so this study was planned to find
out whether the concentration of heavy metals in the blood increased in patients exposed to ignition coal combustion.

Methods: From April 2020 to April 2021, blood lead, mercury, and cadmium concentrations were investigated in carbon monoxide
poisoning patients who visited one regional emergency medical center in Seoul, and their association with exposure time, source
of poisoning, and rhabdomyolysis were investigated.

Results: During the study period, a total of 136 carbon monoxide poisoning patients were tested for heavy metals, and 81 cases
of poisoning by ignition coal were reported. When comparing poisoning caused by combustion of ignition coal and other sub-
stances, there was no difference in the concentrations of lead, mercury, and cadmium in the blood, and there was no difference in
the number of patients above the reference range. However, the patients exposed to more than 5 hours of ignition coal gas expo-
sure are more frequent than those in the group less than 5 hours in lead (51.4% vs. 23.9%, p=0.012).

Conclusion: Compared to poisoning with other combustible substances, the blood concentration of lead, mercury, and cadmium
does not increase further in patients with gas poisoning by ignition coal. However, prolonged exposure may result in elevated lev-
els of lead.
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Fig. 1. Study flow diagram

Table 1. Basic characteristics

Combustion source

total (n=136) p-value
Ignition coal (n=81) Others (n=55)

Sex (male), n (%) 40 (49.4%) 27 (49.1%) 67 (49.3%) 0.973
Age (years), mean (sd) 38. 72 (13.08) 40.31 (19.29) 39.36 (15.84) 0.567
Current smoker, n (%) 45 (55.6%) 15 (27.3%) 60 (44.1%) 0.001
Duration (min), mean (sd) 346.42 (371.68) 265.49 (243.81) 314.98 (329.24) 0.189
GCS, initial 13.50 (2.78) 14.25 (2.21) 13.81 (2.58) 0.096
SBP, initial (mmHg) 125.52 (19.97) 129.65 (22.61) 127.10 (21.03) 0.281
DBP, initial (mmHg) 78.74 (17.05) 76.24 (13.98) 77.79 (15.94) 0.391
SpO2, initial (%) 96.74 (11.42) 97.35 (11.38) 96.99 (11.38) 0.764
Pulse rate (bpm) 92.84 (20.30) 88.02 (19.01) 90.89 (19.96) 0.166
Carboxyhemoglobin (%), initial 11.71 (9.91) 12.72 (10.11) 12.12 (9.97) 0.561
Creatine kinase, initial (U/L) 980.81 (2893.58) 449.27 (1457.10) 769.00 (2432.20) 0.219
Heavy metals, blood level

Lead (n=134) («g/dl) 1.30 (0.63) 1.29 (0.64) 1.29 (0.63) 0.768

Mercury (n=106) (xg/L) 1.89 (1.46) 1.70 (1.00) 1.81 (1.28) 0.441

Cadmium (n=92) («g/L) 0.80 (0.48) 0.84 (0.55) 0.82 (0.51) 0.753

SBP: systolic blood pressure, DBP: diastolic blood pressure, sd: standard deviation
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Table 2. Analysis of frequency over reference range of heavy metals

Ignition coal (n=81)

Other source (n=55)

Total (n=136)

elevated elevated elevated p-value
% % %
number/total number/total number/total
Lead 14/79 17.7 13/55 23.6 27/134 20.1 0.401
Mercury 5/60 8.3 3/46 6.5 8/106 7.5 0.726
Cadmium 16/53 30.2 15/39 38.5 31/92 33.7 0.407
All Heavy metals 28/81 34.6 18/55 32.7 46/136 33.8 0.824

Normal reference range of lead is under 1.7 rg/dL, mercury 3.4 rg/L, and cadmium under 0.9 g/L.

Table 3. Comparison of blood lead, mercury, cadmium concentration as age. (A) Analysis of variance, (B) p-values by post-hoc pair-

wise comparisons by age groups

(A)

Age (years)
p-value
0-19 20-39 40-59 >60
Lead (zg/dL) 0.65 (0.24) 1.10 (0.46) 1.45 (0.59) 1.94 (0.79) <0.001
Mercury (zg/L) 1.22 (0.48) 1.70 (1.37) 2.08 (1.36) 1.63(0.79) 0.297
Cadmium (ug/L) 0.31 (0.13) 0.64 (0.35) 0.98 (1.21) 0.82 (0.51) <0.001
(B)
p-value
0-19 vs 20-39 0-19 vs 40-59 0-19 vs >60 20-39 vs 40-59 20-39 vs >60 40-59 vs >60
Lead 0.113 <0.001 <0.001 0.006 <0.001 0.015
Mercury 1.0 0.751 1.0 1.0 1.0 1.0
Cadmium 0.375 0.001 <0.001 0.010 <0.001 0.618
Table 4. Analysis as exposure duration in ignition coal source
Exposure duration
Under 300 mins Over 300 mins total p-value
(n=46) (n=35)
Age (years) 36.80 (10.64) 42.14 (15.19) 38.72 (13.08) 0.067
Blood concentration
Lead (zg/dl) 1.21 (0.45) 1.44 (0.80) 1.30 (0.63) 0.121
Mercury (ug/L) 1.76 (1.29) 2.00 (1.64) 1.89 (1.46) 0.517
Cadmium (ug/L) 0.77 (0.52) 0.93 (0.51) 0.80 (0.48) 0.282
Over reference range
All heavy metals (n=81) 11/46 (23.9%) 18/35 (51.4%) 29/81 (35.8%) 0.011
Lead (n=79) 4/44 (9.1%) 11/35 (31.4%) 19/79 (19.0%) 0.012
Mercury (n=60) 1/31 (3.2%) 4/29 (13.8%) 5/60 (8.3%) 0.139
Cadmium (n=53) 7/32 (21.9%) 10/21 (47.6%) 17/53 (32.1%) 0.050
Normal reference range of lead is under 1.7 xg/dl, mercury 3.4 #g/L, and cadmium under 0.9 x«g/L.
A Fol A oA 3008 23 oA o MM e 5 RBIEH JlA =& BXIIAM H2Z 25 ofF
AR ZAEAT( 23.9% vs 51.4%, p=0.012, FL 0eE 95 sk

3.2% vs. 13.8% p=0.139, 7F=48 21.9% vs. 47.6% p=0.050).
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Table 5. Analysis as presence of rhabdomyolysis in ignition coal source

Rhabdomyolysis*
total p-value
Presence Absence
Blood concentration
Lead (~g/dl) 1.27 (0.61) 1.59 (0.72) 1.30 (0.63) 0.120
Mercury( #g/L) 1.81 (1.50) 2.20 (1.26) 1.89 (1.46) 0.443
Cadmium(xg/L) 0.79 (0.49) 1.17 (0.67) 0.80 (0.48) 0.091
Over reference range
All heavy metals (n=81) 6/11 (64.5%) 23/70 (32.9%) 29/81 (35.8%) 0.163
Lead (n=79) 4/11 (36.4%) 11/68 (16.2%) 19/79 (19.0%) 0.113
Mercury (n=60) 1/10 (10.0%) 4/50 (8.0%) 5/60 (8.3%) 0.835
Cadmium (n=53) 4/6 (66.7%) 13/47 (27.7%) 17/53 (32.1%) 0.054

* Definition: Creatinine kinase >1,603 U/L. Normal reference range of lead is under 1.7 «g/dl, mercury 3.4 xg/L, and cadmium under

0.9 xg/L.
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