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ABSTRACT: Objective To investigate environmental influences of heavy metals and contained radionuclides released
from downstream factories of chemical industry according to distribution and contents of radionuclides contained in heavy

metal sludge from down-stream enterprise of chemical production. Methods Heavy-metal-containing sludge samples from
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the area of battery factories and electroplating factories were analyzed and researched. The radioactivity and concentration
of radionuclides, such as 228Ac, 212Pb, 212Bi, 208T1, 2'4Pb, 214Bi and 4OK, existing in various specific sludge samples, were
analyzed on a High Purity Germanium vy spectrometer (HPGe). The estimated annual average effective dosage rate con-
tributed by these sludge samples were calculated with Monte Carlo N Particle Transport Code (MCNP) dosage rate con-
version factors. The enrichment level of radionuclides, >**Th and ***Ra, during production were indicated by Enrichment
Factors (EF). The mathematical correlation was analyzed by connecting the concentration of Pb or Cr measured in sludge,
and the concentration of corresponding radionuclide ***Th or radium equivalent activity(Raeq) by Pearson matrix. Results
The average cffective dosage rate caused by the sludge from battery or electroplating factories was 44.8 pSv « a'. The
enrichment factors of radionuclides ***Th and **Ra ranged from 0.478 to 2.217 and 2.509 to 4.115 respectively, indicating
that thorium was enriched in the chromium-containing sludge samples, while radium was enriched in all sludge samples.
According to data analysis in Pearson matrix, the correlation between heavy metal Pb or Cr and Ra. was above 0.8, re-
vealing that the radioactivity of heavy-metal-containing sludge could be inferred from the content of Pb or Cr within the

same sludge sample in practical monitoring task. Conclusion The research makes a contribution to both efficient radiation
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environmental monitoring and TENORM evaluation.

KEY WORDS: sludge from chemical industry; radionuclides; gamma energy spectrum analysis; enrichment factor
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Table 2 The results of some indicators to radioactivity in
sludge samples

s 150 G R/(nGy-h ") 4EA R/ (uSv-a™)
EAS SEIE bR 2 SEIE AR 2

1 TTCS 39.4+10.7 72.4+12.8
2 YXCS 24.3+6.3 44.7+10.3
3 SDS 25.9+5.4 47.7+15.4
4 SDCS 11.543.6 21.245.6

5 YXNS 15.8+2.3 29.1+7.2

6 MXCS 47.2+9.4 86.6+12.5
7 MNNS 11.8+3.7 21.849.1

8 PRCS 64.6£13.2 118.8+21.6
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Table 3 Radionuclides thorium-232 and radium-226 activities in chromium powder or nickel plate (mean+SD)

Bg/kg
YXNS MXNS PRCS SDCS TTCS YXCS MXCS
BT 11.542.1 9.8+0.7 16.3+2.5 3.420.3 8.8+0.6 23.543.9 20.7+3.2
2T 8.4+0.9 6.6+0.4 28.5+1.6 7.3+0.4 14.9£1.3 11.2+0.5 32.0+4.4
226Ra* 13.5£0.6 4.6+0.5 13.440.7 3.3+0.1 14.0£0.8 10.6£0.3 14.3+£0.7
2Ra 18.9+1.4 12.0+1.1 48.5+4.6 9.6+0.2 45.4+5.4 29.3+6.6 34.6+2.7
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-0.907 ~ 0.203, W] Cu Fl **Th fEAHR W E | &
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P2Th By B2 IR 7% 28003 904 -0.528 , -0.884 F11-0.861,
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(AR SEERIF S 0 Fr b b, 4835 P8 Cr, Zn i 2°Ra
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0.825, PHH ARG SR . HIEK T a8 271k

SRR AN ks R, JTE Cr, Zn Al Ra
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Table 4 The specific concentration of heavy metal in sludge samples (mean+SD)

g/kg
15 IR AR Zn Cu Pb Cr Ni
TTCS 0.05+0.01 0.12+0.03 0.30+0.02 146.67+22.31 9.68+0.23
YXCS 47.00+12.38 0.25+0.08 0.19+0.01 70.20+6.83 27.23+4.83
SDCS 0.04+0.01 0.04+0.01 731.33+43.89 0.039+0.008 0.06+0.01
MXCS — 873.8+34.5 0.057+0.01 257.33+16.07 5.78+0.39
PRCS 518.4+33.1 0.14+0.03 59.87+9.23 0.4620.05 0.110.04
YXNS 0.30:£0.05 0.16+0.04 0.19+0.06 78.32+11.46 16.3743.80
MXNS 1.43+0.28 2.94+0.11 0.32+0.07 123.90+13.44 53.10+7.24

H: TT, YX, PR, MX, SDELRARMET FK, CSEREFHKIGIE, NSERTHEIGIE
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Table 5 The Pearson correlation matrix for the concentration of heavy metals and radioactivity of thorium-232 in sludge samples

Cu Cr Pb Ni Zn

B2Th pres -0.907 0.430 0.528 0.435 -0.048
2Th yxes 0.203 0.535 0.608 -0.217 -0.806

Th.spcs -0.784 0.411 0.797 0.211 0.534
B2Th vxcs -0.199 0.520 0.707 -0.189

Thoxns -0.625 0.029 0.528 -0.528 -0.861

Thorres -0.625 0.576 0.494 0.520
B2Th yxns -0.773 0.548 0.812 -0.884 -0.480

. PPTh B, TT, YX, PR, MX, SD ZFRAFMAT" %, CSFERTHIGIR, NS FERFHEISER).

xo6 FRPEERES Ra HERHFREHY

Table 6 The Pearson correlation matrix for the concentration of heavy metals and Ra,q in sludge samples.

Cu Cr Pb Ni 7n

225Ra pres -0.350 0.813 0.240 -0.357 0.556
2%Rayxcs -0.233 0.508 0.029 -0.739 0.825

Ra.spcs -0.490 0.678 0.949 -0.102 0.773
2°Ra vxcs -0.664 0.702 0.699 0.064

Rapxns -0.588 0.308 -0.589 0.783 -0.466

*Ra.rres -0.284 0.823 0.430 -0.401
22%Ra yxns -0.205 0.274 -0.150 0.460 -0.719

R0 T R T ke U O R A% R 4 )
(RS PRS-, FEIZWFSE T, R TIAR 24 10 ok R
IR RGP PEACE | 3 Hr 4 2 i5 e vh i 4 )
JLZE Cu, Cr, Pb, Ni, Zn 5474 EIGE Rae B
IRARFEL, B UL e P e 4R 5 Y TS
JEE AR OCAR B, T T AR S B AR v i ok Wi
AR O E UL MK R 7RIS e, &
&JRICE Cr M Pb 5 Rae, WI/RBRABGLEN
0.455 ~ 0.844 F1 0.371 ~ 0.821, FWPIHLEEN i

(1) IE A &% o 72 SDCS H, Cr-Raeq Al YXCS, MXCS
H Pb-Raeq HYERAR R KT HIIKE] 0.844, 0.82,
0.801, TESLBR TAEH, FIMHESE Cr, Pb W&
i1t SDCS 1 YXCS, MXCS (U K-, e
W RIS T, Bl MXNS, YXNS, E4JRTH
Ni 5 Raeq M HIRZR RN -0.672 F1-0.788, X PI#H
AEFE Y AH DGR BE AT LARS Bl 70 Br MXNS, YXNS H1iL
SHEART, IR 7.

%7 BRHPELEITE Cu, Cr, Pb, Ni, Zn S{ELEEE Ra. WERFEY

Table 7 The Pearson correlation matrix for heavy metals and Radium equivalent activity concentrations in sludge

Cu Cr Pb Ni Zn

Raeqyxcs -0.181 0.554 0.821 0.701 0.794
Raeq pres -0.712 0.494 0.580 0.205 0.160
Ragg spcs -0.797 0.844 0.734 0.351 0910
Raeqmxcs -0.510 0.556 0.801 0.693

Ragg rrcs -0.510 0.455 0.371 0.615

Raeq-mxns -0.394 -0.319 -0.270 -0.672 0.693
Raq.yxns -0.594 -0.118 -0.552 -0.788 0.498

— kA, 2PTh, *°Ra %K & AE FURAI
15 U8 R XA D e i H A4k 2E ) B A
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FEn . IR RN HPGe 1 kS %511 ICP-MS
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TE 52 bR AT v 2 4 R 9 e v R S R T vk
K2 %G VR AR K- 72 SDCS Y, Zn 5 Rag,
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