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Table 1 Initial concentration of pollutants in the batch experiment area

1Y) 165 BFE/(ng L") GWIRIERIE (ug L") GW2RIIERIE (ug L") CWIEFMEEL GW2IBFREEL

A 90.0 3310 6 090 36.78 67.67
F2-12-T LI 148.5 294.4 3550 1.98 23.91
Mi-1,2-—54 2K 70.0 5740 18 800 82.00 268.57

=R 210.0 11.4 4750 PN 22.62
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Fig. 1 Pilot experiment area and arrangement of injection points
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Table 3 Designof chemical oxidation batch experiments
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Table 4 Pollutant concentration and removal effect for GW1 sample

YR YR R-12-Z8 2K R-12-Z8LK - 2- 82k -1,2-2 5 2

I prie L) EMge el SRR R g L) SRR

Wi 3310 0 294.4 0 6 740 0
GWI-1 358 89.18 239.4 18.68 5740 14.84
GW1-2 162 95.11 228 22.55 3010 55.34
GW1-3 160 95.17 109 62.98 611 90.93
GW1-4 7 99.79 93 96.84 429 99.36
GWI1-5 0 100.00 0 100.00 0.8 99.99
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Table 5 Pollutant concentration and removal effect for GW2 sample

AN Sk R-12-TRLE R-12-"R828 W-2-—R 2K -2 R8 2 SR SRk

Feh W /(ug L") RBER/%  WIE/(ug L) LBRE% W (ng L™ FEBER%  WE(e L) EBE%
Wk 6090 0 3550 0 21 800 0 4750 0
GW2-1 3020 50.41 3050 14.08 20 000 8.26 2620 44.84
GW2-2 2670 56.16 3000 15.49 18 800 13.76 2520 46.95
GW2-3 1870 69.29 2650 25.35 18 600 14.68 2360 50.32
GW2-4 1.570 74.22 1500 57.75 10 600 51.38 1220 74.32
GW2-5 0 100.00 6.2 99.83 36.6 99.83 0 100.00

TR ORIR R Sy R 33100 2944, 5740 ug' Ly GW2 ALK . R-12- R KL -1,2-—
ALK, ZHZEIBAIE B 6090, 3550, 18800, 4750 pg-L™'; K GW2 Hxf i 4% 15 4L )
WRE TR, 3R 2 R . GBI ERER 2 iR A AR R AU 2 T B b AR AR TR TR L T G v B Y AR Ak
oL, WEIETE Y Wm0 s R B X5 e ) BRI . Wk 4 fk S iR, GWI1, GW2 4515 54
FERE A R R AR A VE T T W S 2 TR, (HRE IR A B 2200 . ZE 25 R Bt 0.29% B
GWI1-2 PR LM . R-12-" ALK . W-12- " A LI EBR RS 5N 95.11% ., 22.55% ., 55.34%, K
MM GW2-2 3% 07 5 Ye 0 19 25 B3 3840 K 56.16% . 15.49% . 13.76%, — 4 10255 K 46.95%,
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Fig. 4 Concentration changes of trans 1,2-Dichloroethylene
during remediation
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Fig. 3 Concentration changes of vinyl
chloride during remediation
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Fig. 5 Concentration changes of cis 1,2-Dichloroethylene Fig. 6  Concentration.changes of trichloroethylene

during remediation

2) S X HL R K A SOr F i AR Ak . IR IXKAE R il T 45 AR, XPACER X P bR K SOk B
AR, S50 X P R A WS 2R 5 SW-1, SW-2, SW-3. SW-4, Wil HAr & e E 2, K
WIWEI [ v 2 T N . BRER R EAR R S M T K S Y Y AR R S IR AR, R X b R K Y
SO 5% Fi i B (EAT W I, 448 Jr 3R A5 119 SO e 5 W IS4 1 Ry 8 i, 57 SO B i Hof (1) 222 £k 1 £t 5
FEFYGNE 7 H Y SW-1 FE B AY | SW-2 F5 RS Hl . SW-3 #5 B | SW-4 FE BB AY | I X A Y iF
FAAE BERUE A A3 B o SW-1. SW-2. SW-3. SW-4 W il F % 45 £ 5 455 AU (1) 7] P 22 %L (coefficient of
determination, R?) 43514 0.966 2. 0.961 8. 0.961 1. 0.959 8, Xyif i ]9 77 F2 19 B EHER T, UG
BCRAT TR

during remediation

0 W e .
5000 f- ;
4500 I\ —a— SW-1 —e— SW-2 :
~ 4000 —— SW-3 —8— SW-4
O $HB(SW-1) fsw2) |
] HREL(SW-3) e HRE(SW-4) :
= :
i§ SW-THEHUIR ; y=3 942.8¢-020% | R*=0.9662 |
& SW-24E BB : y=3 841.9¢ 1% R*=0.961 8 |
b SW-3FERLRIHL . p=0 347.2e 0116 R=0.961 1 !
SW-4FERIAETL . y=6 999.8e 0% R*=0.9598 |
s00 | BRSO mg L | : |
" . — T R SIS T rerererivere v ;
\ v H ] S O Q N S \S v ) ]
Q Q Q Q Q Q Q N N Q Q Q Q
Q Q" Q Q" Q" Q" Q Q Q N\ N
FF PFT T TP TP PO
) N I S S S S DD
R

7 EERRBSOREMT

Fig. 7 Concentration changes of sulfate during remediation
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Remediation effect of alkali-activated persulfate in groundwater of a
chlorinated hydrocarbon contaminated site
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Abstract  Alkali-activated persulfate is suitable to treat chlorinated hydrocarbons. in contaminated soil and
groundwater. Taking the typical chlorinated hydrocarbon contaminated site as the research object, the batch
experiment and pilot engineering application have been conducted to degrade chlorinated hydrocarbons by
alkali-activated persulfate oxidation. The experimental results showed that the pollutant removal efficiency was
related to the initial concentration of pollutants and the addition ratio of oxidant. The higher the initial
concentration of pollutants, the lower the removal efficiency. The larger the amount of oxidant within a certain
range, the higher the removal efficiency. The optimal oxidant addition ratio'was 1%~3% to treat chlorinated
hydrocarbons in groundwater of the typical site. In the pilot experiment, the high-pressure rotary spray process
was used to inject the oxidant with the optimal dosing ratio into the contaminated aquifer. The tracking
monitoring results showed that the concentration of pollutants in the groundwater decreased significantly after 8
months remediation with the injected oxidant, the concentration of pollutants at most zones reached the
remediation target, the other region with high initial concentration approached the remediation target. The
concentration of oxidant-residual sulfate was monitored simultaneously, and the sulfate concentration gradually
decreased with time extension. The trend analysis predicts that the concentration of residual sulfate will
gradually decrease and return to a normal level or meet the relevant standards.

Keywords groundwater remediation; in-situ chemical oxidation; chlorinated hydrocarbons; organic
contaminated site



	1 材料与方法
	1.1 研究场地及实验区域
	1.2 实验材料
	1.3 实验及分析方法

	2 结果与讨论
	2.1 污染物去除率的影响因素及氧化药剂投加比的优化
	2.2 中试规模工程应用区污染物及残留$ {\rm{S}}{{\rm{O}}^{2 - }_4}$浓度的变化

	3 结论

